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SYMBOLS, UNITS, AND EQUIVALENTS 





Symbol Equivalent 





A.........| angstrom 10-*” meter 

ampere(s) 

annum, year 

billion electron volts GeV 

i 3.7 X10" dps-2.22 X1012 dpm 

counts per minute 

disintegrations per minute 

disintegrations per second 

electron volt 1.6 X10-1? 

3.527 X10-* ounces= 
2.205 X10-* pounds 

hertz cycle per second 

kilovolt peak 

meter(s) 39.4 inches 

cubic meter(s) : 

millicuries per square mile___.| 0.886 nCi/m* (mCi/km’) 

mile(s) 

milliliter (s) ; 

nanocuries per square meter__| 2.59 mCi/mi* 

roentgen 

unit of absorbed radiation 
dose 100 ergs/g 
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Reports 


Summary of Environmental Monitoring at Philadelphia, 1958-1971 


J. E. Lieberman,' R. D. Ice,? M. Green,’ and R. McGrattan * 


The City of Philadelphia maintains an environmental radiation surveil- 
lance program for evaluating the environment of the Delaware Valley. 
The program has evolved from the initial goals of setting operational 
guides for the collection and analyses of data at sites of nuclear ship op- 
erations, through preoperational radiological data collection associated 
with the construction of the N.S. Savannah, through a nuclear weapons 
fallout evaluation, to the present objective of providing environmental 


surveillance of nuclear facilities. 


A 13-year compilation of environmental data from the City of Phila- 
delphia is presented. Included are gross alpha and gross beta results of 
raw and finished surface waters, gross beta results of air samples, and 
strontium-90 and iodine-131 quantities in pasteurized milk. 


Environmental] radiation surveillance at Phil- 
adelphia started in 1958 as a cooperative pro- 
gram for evaluating the Delaware River and 
bay. The surveillance program involved the 
United States Public Health Service (USPHS), 
the City of Philadelphia Health Department, 
New Jersey Health Department, Pennsylvania 
Health Department, Delaware Health Depart- 
ment, and the New York Shipbuilding Corpor- 
ation (NYS). 

Th City of Philadelphia is actively involved 
in environmental radiation surveillance. The 
program complements the Pennsylvania Health 
Department Program with funds and equip- 
ment, integrates the city-wide air pollution 
and water assays that involve radioactive ele- 
ments, serves as an early warning indicator 
of radiological hazards, provides immediate 
expertise to city disaster coordinators and basic 


*Mr. Lieberman is chief, Division of Occupational 
and Radiological Health, Public Health Department, 
City of Philadelphia, Philadelphia, Pa. 

* Dr. Ice is an associate professor of pharmacy, Col- 
lege of Pharmacy and director of Radiopharmaceutical 
Services, Nuclear Medicine Division, University of 
Michigan, Ann Arbor, Mich. 

*Mr. Green is supervisor, Research & Development, 
Bureau of Air Pollution Control, Department of Envi- 
| Protection, State of New Jersey, Trenton, 


4 Mr. McGrattan is assistant chief, Division of Occu- 


pational and Radiological Health, Public Health De- 
partment, City of Philadelphia, Philadelphia, Pa. 
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scientific data for health hazards and program 
evaluation. 

The initial objective of the program was two- 
fold. First, to establish operational guides for 
the collection and analysis of environmental 
samples in the general area of nuclear ship 
operating sites. The second objective was to 
provide preoperational radiological data for the 
construction and test area of the N.S. Savannah. 
The first objective resulted in a protocol] for 
radiological surveys (1) used by USPHS at all 
U.S. ports visited by the N.S. Savannah from 
1963 to 1965. The second objective was com- 
pleted when the N.S. Savannah started sea 
trials in 1962. 

New York Shipbuilding Corporation (now 
doing business as Merritt, Chapman and Scott) 
builders of the N.S. Savannah, initiated radia- 
tion environmental sampling of the Delaware 
River in July 1958 under the direction of 
Dr. H. Locke. In March 1959, the USPHS 
established seven river and tributary water 
sampling stations on the Delaware River 
and one station on the Schuylkill River. The 
Robert A. Taft Sanitary Engineering Center 
and the Technical Operations Branch, South- 
eastern Radiological Health Laboratory, ana- 
lyzed the samples (2-5). Between 1962 and 
1965, the surface water sampling program was 
expanded under the direction of the Engineer- 
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ing Program at the Northeastern Radiological 
Health Laboratory (NERHL). In 1965, the 
cooperative program involving the USPHS was 
terminated. 

Because of the increased concern for fallout 
from nuclear weapons tests, and because the 
initial objectives of the radiation surveillance 
program associated with the building of the 
nuclear ship Savannah were almost completed, 
the surveillance program was reoriented to an 
assessment of radioactive fallout in August 
1961. In addition to gross beta and gamma 
measurements of surface water, gross beta 
and gross gamma measurements of air, gross 
beta measurement of precipitation, and gross 
beta measurement of process water were 
initiated. 

With the abrupt ending of the nuclear 
weapons aerial test ban by the Soviet Union 
on September 1, 1961, the Philadelphia air 
sampling program was expanded from one to 
three stations during September. In October 
1961, the program was expanded to the analyses 
of a composite milk sample for gross beta 
and iodine-131 radioactivity. Gross gamma 
counting of precipitation was initiated in No- 
vember 1961. In January 1962, gross gamma 
analysis of surface water samples was added 
to the existing measurement of gross beta 
radioactivity. 


Table 1. Radiation Environmental Surveillance Program, Philadelphia 


The first indications of fallout appeared in 
air samples collected September 15, 1961. Daily 
beta and gamma radioactivity in air from 
August 1 through September 14 remained con- 
sistently below 1 pCi/m*. The largest quantity 
of radioactivity in air was recorded on Septem- 
ber 16, 1961 and was 73.8 pCi/m* of gross 
gamma radioactivity. The highest daily average 
of the three stations, also on September 16, was 
63.4 pCi/m* of gross beta and 132 pCi/m® of 
gross gamma. Recent changes in radioactivity 
of air samples have been correlated to current 
Chinese and French bomb tests. 

To bring the analytical procedures into 
conformity with those of the USPHS, the 
Philadelphia Health Department revised their 
analysis procedures for surface water samples 
in March 1965. Gross gamma analysis of sur- 
face water was discontinued and gross beta 
radioactivity was determined on the suspended 
and dissolved solid fractions of a water sample 
in place of the total solids analysis. 

Gross gamma analysis of surface water was 
replaced as the early warning indicator of 
gamma activity in the environment by a radio- 
chemical program for analyzing iodine-131 in 
milk. An assessment of strontium-90, stron- 
tium-89, barium-140, and lanthanide radio- 
activity was also initiated in March 1965 as 
part of the milk analyses. 





Sample Location 


| 
| Frequency | 





Air -- $200 Frankford Avenue *® 


500 S. Broad Street 


River water Schuylkill River: 


Delaware River: 


1501 E. Lycoming Street - -- - - -- -- 


Queen Lane Filter Plant------- 


Activity measured 


Daily -_ _- Gross beta 
Daily ._.| Gross beta 
Daily Gross beta 
Weekly Suspended alpha and beta 
Dissolved alpha and beta 
on all river water samples 


Torresdale Filter Plant Dock 
(T-1)>, 

Torresdale composite (T-2)> 
1/3 Northern Metals 
1/3 Torresdale Filter Plant 
1/3 Mouth of Poquessing 

Creek. 

Lehigh Avenue » 

Wharton Street > 

Northeast Sewage Plant » - _ - 

500 S. Broad Street 

1501 E. Lycoming Street _ 

1501 E. Lycoming Street - -- - - 


Weekly 











Tap water-__- Gross alpha and gross beta 


| Gross alpha and gross beta 
Suspended alpha and beta 
Dissolved alpha and beta 
Strontium-90 ¢ 
Iodine-131 


Precipitation _- 


Composite 





* Discontinued October 1970. 
> Collected from midchannel using city’s boat, Aquadelp*ia II. 


¢ If iodine levels are >10 pCi/liter, the milk is analyzed for strontium-89 and barium-140 and 
also is subjected to gamma spectroscopy. 


Radiation Data and Reports 








Broad St. 








SAMPLING LOCATIONS 


+ FRANKFORD AVENUE 

- 1501 E, LYCOMING STREET 

+ 500 S, BROAD STREET 

QUEEN LANE FILTER PLANT 
TORRESDALE FILTER PLANT DOCK 


NORTHERN METALS 

- TORRESDALE FILTER PLANT 

+ MOUTH OF POQUESSING CREEK 
. LEHIGH AVENUE 

10, WHARTON STREET 

11, NORTHEAST SEWAGE PLANT 

12, NAVAL YARD 
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Figure 1. 


Sampling locations for Radiation Surveillance 


Environmental Program, Philadelphia 


In 1965, the City of Philadelphia expanded 
its surface water sampling to include the 
sampling sites discontinued by the USPHS in 
the Delaware and Schuylkill Rivers. At present, 
the City of Philadelphia is monitoring raw 
surface water at four stations on the Delaware 
River and one station on the Schuylkill River 
plus a composite of Delaware River water. 

The present City of Philadelphia Environ- 
mental Surveillance Program consists of the 
sampling stations and frequencies indicated in 
table 1. The location of sampling stations are 
indicated in figure 1. 

The U.S. Geological Survey monitored trit- 
ium in the Delaware River at Philadelphia 
between 1964 and 1968 (6). The Delaware 
River has been assessed for gross radioactivity 
as part of the Water Pollution Surveillance 
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System of the Public Health Service (7). The 
Philadelphia results (7) are presented in this 
report for comparison purposes. 

In 1970, an ad hoc committee on radiation 
surveillance of the Delaware River Basin was 
formed to review the existing Delaware River 


Environmental Surveillance Program. The 
objectives of the committee were: 

1. to review all accrued data and report the 
findings to the public, 

2. to coordinate all surveillance within the 
Delaware Valley Basin minimizing duplication 
and to conserve resources, and 

3. To reorient the existing program from a 
surveillance program, indicative of weapons 
testing, to a nuclear facility oriented sur- 
veillance program. 

The City of Philadelphia, as the only major 
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city with an expanded environmental radiation 
surveillance program, is assisting in this 


regional approach to the evaluation of the 
environment. This report is a result of this 
interdisciplinary cooperative program. 


Air monitoring 


High volume air samplers provide daily 
filters for analysis of radioactivity in air. The 
Air Management Services Unit removed the 
filter from the air sampler. Samples were ob- 
tained from three locations (table 1). From 
an effective air filter area of 714- by 9 inches, 
two 1% -inch-diameter discs were removed and 
placed into 2-inch planchets. The planchets 
were identified by date and location and stored 
in a dessicator until counted in a Beckman 
Wide Beta Counter. All filters were counted for 
10 minutes on day three or day five after 
collection to allow assaying of samples collected 
each day of the week during a 5-day work week. 
The counter efficiency was determined using a 
radium D and E sealed source. The minimum 
detectable activity (MDA) at the 95-percent 
confidence level was 0.007 pCi/m*. The mini- 
mum reported activity was 0.01 pCi/m*. 

Prior to July 1966, a Baird Atomic GM 
Scaler Model 123 with a GM end-window tube 
(1.4-2.0 mg/cm®* thickness) was used. Sample 
efficiency was determined using a calibrated 
bismuth-210 source, the minimum reported 
activity with the GM scaler was 0.3 pCi/m‘. 


Gross gamma measurements between August 
1961 and July 1963 were made with a 3-inch 
Nal (TI) scintillation detector. Counter effi- 
ciency was determined with a _ cesium-137 
calibration source. The crystal had an average 
efficiency for cesium-137 of 28 percent. The 
results of air measurements are presented in 
table 2 and figure 2. 


Water monitoring 


The New York Shipbuilding Corporation 
sampled at three locations within the shipyard. 
Between July 1958 and December 1958, the 
sample results represent the average of daily 
samplings. Beginning in January 1959 through 
December 1965, results from weekly composite 
samples averaged for three locations were re- 
ported. Samples of 500 ml containing sus- 
pended and dissolved materials were evapo- 
ated under an infrared lamp onto planchets 
and counted for 1,000 counts using a GM 
counter having an end window thickness of 
1.4 mg/cm’. 

From 1962 to 1965, the NERHL collected 
grab samples of river water at three stations 
in Camden, N.J. on a monthly basis. These 
samples were filtered to separate suspended 
solids and the suspended solids were counted 
for gross alpha and gross beta radioactivity. 
The results are presented in table 3. Sulfides 
and carbonates were precipitated from the 
filtrate and counted for gross alpha and gross 
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Gross beta radioactivity in air, Philadelphia, August 1961-December 1971 
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beta radioactivity.’ The results are reported 
in table 3. 

Between August 1961 and February 1965, 
the City of Philadelphia monitored gross beta 
and gross gamma radioactivity in the Delaware 
River and the Schuylkill River. Through 
December 1963, the reported results are the 
mean of 10 grab samples taken throughout the 
month. Beginning in January 1964, weekly 
grab samples were obtained, and the monthly 
results represent an average of four or five 
weekly analyses. 

A 250 ml water sample was acidified with 
nitric acid, evaporated to 5 ml and counted in 
a 3-inch NaI(T1) well counter. The count rate 
was compared to the efficiency of a cesium-137 
standard well source. The 5 ml sample was 
then evaporated to dryness in a planchet and 
counted using a GM tube with a minimum 
detectable activity for beta radiation of 15 pCi/ 
liter. 

In March 1965, gross gamma counting of 
water samples was discontinued, and gross 
alpha analysis of suspended and dissolved solids 
was instituted. 

In October 1965, additional weekly grab 
samples of raw river water at Wharton Street, 
Lehigh Street, and the Navy Yard were added 
to the environmental survey program. The 
Delaware River samples are collected by the 
city’s boat, Aquadelphia II. All samples are 
taken from midchannel (average depth 35-40 
feet) from a pipe extending 12 inches below 
the river’s surface. Each sample of 500 ml was 
acidified with 1.5 N HCl and filtered through 
a Whatman No. 12 filter paper. The filter paper 
was dried and ignited in a muffle furnace for 
2 hours at 550° C. and then cooled. The residue 
was transferred to a planchet, weighed and 
counted. 

The filtrate was evaporated to 10 ml, 
gradually transferred to a planchet, and finally 
evaporated to dryness using an infrared lamp. 
The planchets were dried for 2 hours at 110° C. 
to constant weight and counted. 


> Personal communication, James A. Hardin, Dela- 
ware River studies, radiochemical (January 12, 1971). 
Northeast Radiological Health Laboratory, Winchester, 
Mass. 
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The samples were counted using a Nuclear 
Measurement Corporation model PC 3A pro- 
portional counter having a minimum detectable 
activity of 1.5 pCi/liter. The filtrate (dissolved 
solids) and residue (suspended solids) results 
are reported in table 3. 

In August 1966, the laboratory began count- 
ing gross alpha and gross beta radioactivity 
using a Beckman Wide Beta II proportional 
counter. The minimum detectable beta activity 
with the procedures used was 1.0 pCi/liter. 
The minimum detectable alpha activity with 
the procedures used was 0.4 pCi/liter. 


Precipitation and process water 


The procedures used for precipitation and 
process water are the same as those used since 
1966 with raw surface water. The precipitation 
and process water samples were obtained at 
1501 E. Lycoming Avenue (tabie 4). 


Milk analyses 


A composite l1-gallon whole milk sample 
from dairies in the Delaware Valley is received 
weekly by the environmental radioassay labora- 
tory. Immediately after collection of the milk 
sample, 1 liter is removed for iodine analysis 
and 3 ml of 37 percent formaldehyde solution 
per liter is added to the remainder for milk 
preservation. The remaining milk sample is 
stored for 2 weeks to allow ingrowth of 
yttrium-90 to equilibrium. 

Iodine ion is separated from the milk using 
a Dowex 1-X8 anion exchange resin. The whole 
milk is passed through the anion exchange 
resin in a column and the resin transferred to 
counting tubes designed to fit within the 3-inch 
Nal (Tl) well crystal. The amount of iodine-131 
is determined by counting the photopeak radio- 
activity using a differential count mode. The 
amount of radioactivity within the milk sample 
is compared to a known quantity of iodine-131 
iodide ion that has been added to a second 
liter of milk, separated on the anion exchange 
resin and counted under the same conditions. 
The minimum detectable activity for iodine-131 
under the counting conditions used was 10 
pCi/liter. Based upon a practical reporting 
level, quantities less than 10 pCi/liter have 
been considered insignificant (9). 
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Table 4. 


Precipitation: 
Number of samples 
Total depth (inches) 
Gross beta___ ; 
Gross gamma 

Tap water: 
Gvens beta _ _- i 

Milk pasteurized: « 
Average gross beta 
Iodine-131 - an 


Precipitation: 
Number of samples 
Total depth (inches) 
Gross beta - 7 
Gross gamma 

Tap water: 

yross beta ___ " 

Milk pasteurized: ¢ 
Average gross beta_-_- 
Iodine-131 


Precipitation: 
Number of samrles 
Total depth (inches) 
Gross beta eh diligies 
Gross gamma.-.-_-------- 

Tap water: 
YP beta 

Milk pasteurized: © e 
Average gross beta_ 
Iodine-131 . 


1964 


Precipitation: 
Total depth (inches) 


Precipitation: 
Total depth (inches) 

Milk pasteurizea: 
Average concentrations: 
Strontium-89 and strontium-90_ 
Strontium-90 ie 
Iodine-131 
Yttrium-90 


Precipitation: 
Total depth (inches) 
Gross alpha: 
Suspended _ 
Dissolved 
Tap water: 
Gross beta: 
Lycoming. - - - 
road _ 
Milk pasteurized: 
Average concentrations: 





atennnal enenaenated in precipitation, process water and milk (pCi/liter) Philadelphia, 1961—1971 








‘_ 9.0 


~<10.0 


Strontium-89 and strontium-90 - - _|- _- 


Strontium-89- 
Strontium-90_ _- 
Iodine-131 _ _ _- 
Yttrium-90_- 


See footnotes at end of table. 








le 7 ° 
| <10.0 








Mar 


June 


Aug 


Sept Oct Nov Dec 











1,618 
1573 


24. 
783 
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Table 4. Average radioactivity in precipitation, process water and milk (pCi/liter) Philadelphia, 1961—1971—continued 





| 
Jan Feb Mar Apr May June July Aug Sept Oct Nov | Dec 





1967 


Precipitation: 

Number of samples-- 

Total depth (inches) -___- 

Gross beta: 
ees 
Dissolved 

Gross alpha: 

Suspended 
aS maid 
Tap water: 
Gees beta: 
Lycoming 


Average concentrations: 
Strontium-89 
Strontium-90 
Todine-131_ _ __ 


1968 





Precipitation: 
umber of samples 
Total depth (inches) 
Gross beta: 
Suspended 
Dissolved 
Gross alpha: 
Suspended 
Dissolved 
bie: water: 
ross beta: 





Milk pasteurized: 
Average concentrations: 
Strontium-89 
Strontium-90 
Iodine-131 








Precipitation: 
Number of samples 
Total depth (inches) 
Gross beta: 

Suspended 


Gross alpha: 
Suspended 
Dissolved 
Tap water: 
Gross beta: 
Lycoming 
a i ihatacigatenntain aan 
Milk paseturized: 
Average concentrations: 
Strontium-89 
Strontium-90 
Iodine-131 





Precipitation: 
Number of samples 
Total depth (inches)-.-...------- 
Gross beta: 
Suspended 
0”, =e aes 
Gross alpha 
Ee “ 
Dissolved 
Tap water: 
Geass beta: 
Lycoming 





Milk pasteurized: , 
Average concentrations: 
Strontium-90 
Todine-131 









































See footnotes at end of table. 
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Table 4. 


Average radioactivity in precipitation process water and milk (pCi/liter) Philadelphia, 1961—1971—continued 





Feb 





1971 


Precipitation: 
Number of samples 
Total depth (inches) --- 
Gross beta: 

Suspended 
Dissolved - 

Gross alpha: 
Suspended _ -_ -__- 
Dissolved - 

Tap water: 

Goons beta: 
Lycoming 





Broad 
Milk aehenniont: 
Average concentrations: 
Strontium-90 i rere 5.1 
Iodine-131_.-....-.-- tasecuunl See .0 











July Aug Sept Oct Nov Dec 





2. 
2. 








‘ <14.7 6.2 | 6. <6. 9 we 
-0 | <10.0 | <10.0 | <10.0 | <10.0 0 | <10.0 




















® Gross beta radioactivity assessment was initiated in October 1961. The technique involved evaporating 20 ml of raw milk to dryness in a crucible and 
combusting at 600° C. for 3 hours to remove organic constituents. The residue was taken up in nitric acid, transferred to a planchet, the nitric acid evapo- 


rated and the ple anchet counted. 


b Determined by the Jefferson Medical College radiation laboratory using resin extraction technique and a 3-inch NaI (T1) crystal. 


¢ Discontinued. 


4 After November 1966 gross alpha radicactivity was <0.4 pCi /liter in each sample for Lycoming and Broad stations except: Broad—December 1968, 
<0.6; January 1969, <0.5; and August 1970, <0.5; Lycoming—August 1970, <0.7; October 1970, <0.5; and December 1970, <1.3. 


e MDA reduced from 5 pCi/liter to 2 pCi liter. 


tf This sample was not the same as the PHS pasteurized milk network sample (9). 


If the iodine-131 iodide ion test indicated 
greater than 10 pCi/liter, the milk was analyzed 
for strontium-90, strontium-89, barium-140 and 
lanthanide radioactivity. If the iodine-131 
iodide test indicated less than 10 pCi/liter, only 
the strontium-90 determination of whole milk 
was completed. 

A dual ion exchange column is used for the 
analysis of strontium-90. Yttrium is removed 
by an anion exchange resin, eluted with HCl 
and precipitated with oxalic acid. The mini- 
mum detectable activity for strontium-90 was 
5 pCi/liter until October 1970. Beginning in 
December 1970, the minimum detectable 
activity was reduced to 2 pCi/liter by increas- 
ing counting time. The practical reporting level 
has been continued at 5 pCi/liter. If the iodide 
test indicates a concentration greater than 10 
pCi/liter of iodine-131, a lanthanum extraction 
procedure is used between successive precipita- 
tions of yttrium oxalate. The standard devia- 
tion of replicate analysis of strontium-90 by 
this ion exchange procedure has consistently 
been +1.5 pCi/liter or +5 percent whichever 
is greater. 
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Joint Dental Radiation Survey In Puerto Rico, 1968 


Michael Gileadi +? 


The objective, scope, and methods used in the 1968 Joint Dental Survey 
Project, sponsored jointly by the Health Department of Puerto Rico Nu- 
clear Center and School of Dentistry, University of Puerto Rico, are 
described. Health hazards associated with dental x-ray diagnostic pro- 
cedures in Puerto Rico in 1968 are evaluated, and relevant statistical and 
technical data pertinent to the use of x rays in the dental profession on 


the Island are presented. 


Puerto Rico—the smallest island of the Great 
Antilles, with an area of approximately 3,500- 
square miles and a population of 2,739,100 in 
1968—has undergone a tremendous economic 
and social development during the past 30 
years. 

Along with a general improvement in health 
care, the annual rate of dental x rays taken 
on the island increased significantly. Highlights 
of statistical data relating to dental radiog- 
raphy in Puerto Rico during 1968, are pre- 
sented in figure 1 (1, 2). 

Because of the nature of x radiation, dental 
radiography, while indispensable as a diag- 
nostic tool in modern dentistry, at the same 


time, is unavoidably accompanied by certain 
health hazards. The primary purpose of the 
Joint Dental Radiation Survey Puerto Rico—- 
1968, was to evaluate the health hazards asso- 
ciated with dental radiography in frequency 
as well as in magnitude. 


*Mr. Gileadi is a senior associate with the Puerto 
Rico Nuclear Center and in charge of the Joint Radia- 
tion Survey Project. His present address is the Puerto 
Rico Nuclear Center, College Station, Mayaguez, Puerto 
Rico 00708. 

* The responsibility for radiation protection and con- 
trol (associated with the use of radiation in medicine, 
education, and commerce in Puerto Rico) rests with the 
Radiological Health Program in the Department of 
Health, Commonwealth of Puerto Rico. 





POPULATION 2,739,100 POBLACION 


aie FEMALES 


1,396,410 
HEMBRAS 


ANNUAL RATE OF 
DENTAL EXAMINATIONS -2/8,615-EXAMENES DENTALES 





ANNUAL RATE OF 
3th — oa 680 - EXAMENES DENTALES 


TAN 


CHILDREN 








THE MEDIAN AGE OF PUERTO RICO'S POPULATION IN I968 WAS BETWEEN 20-22 YEARS. 


ANNUAL RATE OF FIMS EXPOSED IN DENTAL 
X-RAY EXAMINATIONS 


FILMS - 601,221 - 








Figure 1. Statistical data highlights relating to dental radiography 
in Puerto Rico during 1968 
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The frequency of the health hazard is char- 
acterized by the annual rate of dental x-ray 
examinations, while the magnitude of the effect 
is described by the gonadal dose associated with 
each procedure considered. 

Indices selected for quantitating the health 
hazards associated with dental x-ray diagnostic 
each procedure are: 


1. per capita per annum exposure 
2. per capita per annum gonadal dose. 


Since the magnitude of the unintentional dose 
delivered during dental radiographies to the 
patient (and also to dental personnel) is related 
to the technical parameters of the dental x-ray 
unit used for radiography, a detailed study was 
made on all operative dental x-ray units and 
their technical characteristics (7). Significant 
results of this study are presented in tables 1 
through 3 and figures 2 and 3. Table 1 indi- 





Population 
2,739, 100 


LEGEND 


Of the total 473 dental X-ray units 
installed up to the end of 1968, 
441 were operative at the end 

of 1968, 





(The years refer to: Before 1940; 
1940 = 1949; 1950 = 1959; 
1960 - 1968.) 
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Population 
2, 360, 648 


Population 


Population 2,210,703 


1, 869,255 
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Figure 2. Distribution of operative dental x-ray units 


by year of installation (from 1940 to 1968) 
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Table 1. Reported number of operative dental x-ray 
units by medical facility, Puerto Rico, 1968 





Medical facilities Public 
with dental x-ray institu- 
unit tions 


Private 


offices Total Percent 








ae 
3 or more_-- 


Grand total __---- 








cates the number of operative dental x-ray 
units by type of medical facility in Puerto Rico, 
1968. 

Figure 2 shows distribution of operative 
dental x-ray units in Puerto Rico by year of 
installation from 1940 to 1968. From figure 2, 
it is learned that in 1940, with a population of 
1,869,255, there were 16 operative dental x-ray 
units in Puerto Rico. In 1968, with a population 
of 2,739,100, the number of operative dental 
x-ray units on the island was 441. This is to 
say, that between 1940 and 1968, the number 
of dental x-ray units increased 27.5 times. 
Presented in a form standardized for popula- 
tion, this corresponds to an increase from .88 
units per 100,000 population in 1940 to 24.5 
units per 100,000 population in 1968; i.e., close 
to a 28-fold increase. The population per dentist 
and per operative x-ray unit in Puerto Rico is 
presented in table 2. 


AREA OF 
DENTAL FILM 





Figure 3. Distribution of dental x-ray units by beam 
diameter, Puerto Rico, 1968 
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Table 2. Distribution of dental x-ray units in public institutions and private offices by geographic location, population 
per dentist and population per dental x-ray unit, Puerto Rico, 1968 





Number of Number of 
operative | private operative number 
dental | offices dental of 

x-ray units with x-ray 

in public operative units in 
institutions dental private 
X-ray units offices 


Number of Total Population 
Total Population | per 
number per | operating 
operative of practicing dental 
practicing dentist 
dentists 


Geographic Number of 
location *® public 
and institutions 
population with dental 
x-ray units 


Western region, 416,300 17 36 36 
Southern region, 493 ,500 12 48 52 
Northern areas, Caguas, 
Fajardo, Arecibo, Bayamon, 
1,168,500 21 : 92 99 
San Juan metropolitan 
area, 660,800 19 
Puerto Rico, 2,739,100 69 




















* See figure 4. 


Table 3. Distribution of dental x-ray units by cone type 


Cognizant of the hazard associ i 
Puerto Rico, 1968 en d sociated with 


dental x-ray examinations, and realizing that 
there is no such thing as a “safe” minimum 
quantity of radiation, all available precautions 
are taken to reduce the skin exposure and 
gonadal dose to a minimum compatible with 
the diagnostic objective. 

Among the most available precautions to 
reduce exposure in radiodentistry are: 





Cone type Number of Percent 





Short point 
Long 

Short open 
Long open 











1. proper collimation (beam size), 
2. proper filtration, and 


3. the use of high-speed films, which may 
reduce the skin exposure by as much as 
a factor of four. 


Unintentional irradiation accompanying den- 
tal radiography endangers primarily the eyes, 
the facial area and the thyroid. Exposing the 
eye lens to x rays may cause opacity of the 


lens and may also be conducive to cataracts. In table 3, the distribution of dental x-ray 


Dr. K. Z. Morgan states that 500-900 fatal 
thyroid tumors result yearly from dental 
radiography (3-4) in the United States. 


units by cone type is presented. The type of 
the cone is related to the resulting beam aper- 
ture. Figure 3 presents the distribution of 
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Figure 4. Puerto Rico and its regional subdivisions 
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Table 4. 


Annual rate of dental and medical diagnostic total x-ray examinations per 100 


population, Puerto Rico, 1968 





Geographic location Population 


416,300 
493 |500 
1,168,500 


Western region - - - - 

Southern region_-- - - 

Northern region____.__-__---- 
(San Juan metropolitan 
area excluded). 

San Juan metropolitan area - - 





660 , 800 





Rate of dental 
x-ray exami- 
nations per 

100 population 


Rate of all 
x-ray diagnostic 
examinations per 

100 population 


Annual rate of 
dental x-ray 
examinations 





15,373 
41,723 
52,553 


138,154 











254 ,295 








dental x-ray units with respect to beam diam- 
eter compared with the actual area of the 
dental film. 

According to the recommendation of the 
Academy of Oral Roentgenology, as well as 
the National Council for Radiation Protection 
(NCRP), the maximum acceptable size of the 
beam diameter at the film was determined to 
be 3 inches. According to figure 3, 96.3 percent 
of all operative dental x-ray units met this 
limitation in Puerto Rico in 1968. In order to 
appreciate the progress made, it should be 
noted that in 1961, only 53.5 percent of all 
surveyed dental units met the above specifica- 
tion. 

In 1968, 82 percent of all dental x-ray units 
in Puerto Rico had a minimum filtration of 
1.5 mm of aluminum equivalent or more. 

Most public dental facilities in Puerto Rico 
use highspeed films. as do many private 
dentists. 

Therefore, it can be concluded that the dental 
radiographic equipment in Puerto Rico meets 
the standards conducive to proper dental radia- 
tion protection practices. 

With respect to frequency or annual rate of 
dental radiographies in Puerto Rico, the survey 
established, among other things, that: 


1. there were 254,295 dental radiographies 
performed in Puerto Rico in 1968, using 
over 600,000 dental films (1), and 
these services were rendered by 487 prac- 
ticing dentists using 441 dental units. 


The annual rate of dental x-ray examinations 


and their rate per 100 population is presented 
in table 4. 
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Dosimetric measurements within the frame- 
work of the present survey were carried out in 
the School of Dentistry, University of Puerto 
Rico, using films, TLD discs, and LiF powder 
TLD’s. 

Testicle exposure measurements were carried 
out in vivo, indicating an average of 3.9 mR 
exposure for a full mouth dental x-ray ex- 
amination (14 films) using 65 kV, 10 mA. Table 
5 compares the testicle exposures received in 
full-mouth dental x-ray examinations as deter- 
mined by various investigations. 


Table 5. Testicle exposures due to full-mouth dental 
x-ray examinations (14 films each) as measured 
by various investigators 





Year of 


we Average 
publica- 


exposure 
(mR) 


Investigator 





Stanford & Vance (9) 4.76 
Richards (6) 4.285 
Kline et al (5) 5.46 
Joint x-ray survey Puerto 
tiatcunscssanhhwdat sia 3.86 

















Table 6 contains the average per capita skin 
exposure by type of dental radiography and 
average per capita gonadal dose by type of 
dental radiography, compiled from published 
data. 

One of the most urgent problems concerning 
dental care in Puerto Rico is improving the 
dentist per population ratio. The School of 
Dentistry of the University of Puerto Rico 
produces a new generation of highly qualified 
young dentists for Puerto Rico every year, thus 
increasing the number of dentists on the Island 
and at the same time lowering the professional 
age of dentists and injecting new techniques 
and ideas into the Island’s dental practice. 

In order to cope with the ever increasing 
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Table 6. Average per capita skin and gonadal exposure by type of dental x-ray examination 


and 


by sex 





Average per capita skin exposure (mR) 


| . 
Average per capita gonadal exposure (mR) 


| 
Full 
mouth 


examination examination 


f 
Both types | Single | Full 
of 


| examination 


r 
Both types 
of exam- 
ination 


mouth mouth 


examination | examination 
| } 





demand for more and better dental care in 
Puerto Rico, and at the same time, to free the 
dentists from certain routine tasks, a group of 
paramedical dental professionals are being 
educated in the School of Dentistry of the Uni- 
versity of Puerto Rico. These include dental 
assistants, dental hygienists and dental labora- 
tory technicians. 

While every dental x-ray procedure is un- 
avoidably associated with certain irradiation 
hazards, every precaution is being taken in 
order to reduce these health hazards to a mini- 
mum compatible with the medical objective. 

The increase of dental tomographies is a 
case in point, since a dental tomography re- 
duces the exposure rate from the approximately 
9,940 mR associated with a 14-film full-mouth 
examination to about 800-900 mR associated 
with tomography. It furnishes about the same 
medical information as a 14 film full-mouth 
examination. Since 1968, the number of newly 
installed dental tomographic units has been on 
the increase, not only in public institutions, 
but also in private practice, especially in pedo- 
dontic facilities. 

This is the first comprehensive survey on 
dental radiography in Puerto Rico. It is hoped 
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that this mutual undertaking by the Depart- 
ment of Health, the Puerto Rico Nuclear Center 
and the School of Dentistry will provide a 
useful reference for continued surveillance and 
protection in the field of dental radiography 
in Puerto Rico. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, February 1973 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, 
it is the food item that is most useful as an 
indicator of the general population’s intake of 
radionuclide contaminants resulting from en- 
vironmental releases. Fresh milk is consumed 
by a large segment of the population and con- 
tains several of the biologically important 
radionuclides that may be released to the 
environment from nuclear activities. In addi- 
tion, milk is produced and consumed on a 
regular basis, is convenient to handle and 
analyze, and samples representative of general 
population consumption can be readily ob- 
tained. Therefore, milk sampling networks 
have been found to be an effective mechanism 
for obtaining information on current radio- 
nuclide concentrations and long-term trends. 
From such information, public health agencies 
can determine the need for further investiga- 
tion or corrective public health action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Office of Radiation Programs, 
Environmental Protection Agency, and the 
Office of Food Sanitation, Food and Drug 
Administration, Public Health Service, consists 
of 63 sampling stations: 61 located in the 
United States, one in Puerto Rico, and one in 
the Canal Zone. Many of the State health 
departments also conduct local milk surveillance 
programs which provide more comprehensive 
coverage within the individual State. Data 
from 15 of these State networks are reported 
routinely in Radiation Data and Reports. 
Additional networks for the routine surveil- 
lance of radioactivity in milk in the Western 
Hemisphere and their sponsoring organizations 
are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and USS. 
Environmental Protection Agency)—5 sam- 
pling stations 


Canadian Milk Network (Radiation Protec- 
tion Division, Canadian Department of 
National Health and Welfare)—16 sampling 
stations. 


The sampling locations that make up the 
networks presently reporting in Radiation Data 
and Reports are shown in figure 1. Based on 
the similar purpose for these sampling activi- 
ties, the present format integrates the com- 
plementary data that are routinely obtained by 
these several milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
are formed as a result of nuclear fission be- 
come incorporated in milk (1). Most of the 
possible radiocontaminants are eliminated by 
the selective metabolism of the cow, which 
restricts gastrointestinal uptake and secretion 
into the milk. The five fission-product radio- 
nuclides which commonly occur in milk are 
strontium-89, strontium-90, iodine-131, cesium- 
137, and barium-140. A sixth radionuclide, 
potassium-40, occurs naturally in 0.0118 per- 
cent (2) abundance of the element potassium, 
resulting in a specific activity for potassium-40 
of 830 pCi/g total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a 
means for assessing the biological behavior of 
metabolically similar radionuclides (radio- 
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strontium and radiocesium, respectively). The 
contents of both calcium and potassium in milk 
have been measured extensively and are rela- 
tively constant. Appropriate values and their 
variations, expressed in terms of 2 standard 
deviations (20), for these elements are 1.16 + 
0.08 g/liter for calcium and 1.51 + 0.21 g/liter 
for potassium. These figures are averages of 
data from the PMN for May 1963—March 
1966 (3) and are used for general radiation 
calculations. 


Accuracy of data from various milk networks 


In order to combine data from the inter- 
national, national, and State networks con- 
sidered in this report, it was first necessary 
to determine the accuracy with which each 
laboratory is making its determinations and 
the agreement of the measurements among the 
laboratories. The Analytical Quality Control 
Service of the Office of Radiation Programs 
conducts periodic studies to assess the accuracy 
of determinations of radionuclides in milk per- 
formed by interested radiochemical labora- 
tories. The generalized procedure for making 
such a study has been outlined previously (4). 

The most recent study was conducted during 
June 1972 with 37 laboratories participating 
in an experiment on a milk sample containing 
known concentrations of iodine-131, cesium-137, 
strontium-89, and strontium-90 (5). Of the 17 
laboratories producing data for the networks 
reported in Radiation Data and Reports, 13 
participated in this study. 

The accuracy results of this study for these 
13 laboratories are shown in table 1. The 


Table 1. 


accuracy of the cesium-137 measurements con- 
tinues to be excellent as in previous experi- 
ments. However, both the accuracy and pre- 
cision need to be improved for iodine-131, 
strontium-89, and strontium-90 which could 
probably be accomplished through recalibration. 


Development of a common reporting basis 


Since the various networks collect and 
analyze samples differently, a complete under- 
standing of several parameters is useful for 
interpreting the data. Therefore, the various 
milk surveillance networks that report regu- 
larly were surveyed for information on analyti- 
cal methods, sampling and analysis frequencies, 
and estimated analytical errors associated with 
the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium-40, 
iodine-131, cesium-137, and barium-140) are 
determined by gamma-ray spectroscopy of 
whole milk. Each laboratory has its own 
modifications and refinements of these basic 
methodologies. 

Many networks collect and analyze samples 
on a monthly basis. Some collect samples more 
frequently but composite the several samples 
for one analysis, while others carry out their 
analyses more often than once a month. Many 
networks are analyzing composite samples on 
a quarterly basis for certain nuclides. The fre- 
quency of collection and analysis varies not 
only among the networks but also at different 
stations within some of the networks. In addi- 


Distribution of mean results, quality control experiment 





Number of laboratories in each category 


Experimental 





Isotope and known concentration 


Acceptable * 





Ke: 2e error 
Warning (pCi/liter) 


Unaccept- 
level > 





Iodine-131 (96 or 99 pCi ‘liter) 
Iodine-131 (438 or 4°4 pCi /liter) 
Cesium-137 (53 or 54 pCi/liter) 
Cesium-137 (295 or 303 pCi /liter) 
Strontium-89 (29 or 30 pCi /liter) 
Strontium-89 (197 or 201 pCi/liter) 
Strontium-90 (32.1 or 32.4 pCi /liter) -__-- 
Strontium-90 (150.5 or 151.2 pCi/liter) _- 


6 (55%) 


(8%) 


(15%) 


(11%) 
(33%) 


orronocor 
arkanoren 


(45%) 

















* Measured concentration equal to or within 20 of the known concentration. 4 
> Measured concentration outside 2¢ and equal to or within 3e of the known concentration. 
© Measured concentration outside 3¢ of the known concentration. 
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tion, the frequency of collection and analysis 
is a function of current environmental levels. 
The number of samples analyzed at a particu- 
lar sampling station under current conditions 
is reflected in the data presentation. Current 
levels for strontium-90 and cesium-137 are 
relatively stable over short periods of time, and 
sampling frequency is not critical. For the 
short-lived radionuclides, particularly iodine- 
131, the frequency of analysis is critical and is 
generally increased at the first measurement or 
recognition of a new influx of this radionuclide. 

The data in table 2 show whether raw or 
pasteurized milk was collected. An analysis (6) 
of raw and pasteurized milk samples collected 
during January 1964 to June 1966 indicated 
that for relatively similar milkshed or sam- 
pling areas, the differences in concentration of 
radionuclides in raw and pasteurized milk are 
not statistically significant (6). Particular 
attention was paid to strontium-90 and cesium- 
137 in that analysis. 

Practical reporting levels were developed by 
the participating networks, most often based 
on 2-standard-deviation counting errors or 
2-standard-deviation total analytical errors 
from replicate analyses (3). The practical re- 


porting level reflects analytical factors other - 


than statistical radioactivity counting varia- 
tions and will be used as a practical basis for 
reporting data. 

The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal 
to or less than the given value. 


Practical reporting level 
Radionuclide (pCi/liter) 
Strontium-89 5 
Strontium-90 2 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 








Some of the networks gave practical report- 
ing levels greater than those above. In these 
cases, the larger value is used so that only data 
considered by the network as meaningful will 
be presented. The practical reporting levels 
apply to the handling of individual sample 
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determinations. The treatment of measurements 
equal to or below these practical reporting 
levels for calculation purposes, particularly in 
calculating monthly averages, is discussed in 
the data presentation. 

Analytical error or precision expressed as 
pCi/liter or percent in a given concentration 
range has also been reported by the networks 
(3). The precision errors reported for each of 
the radionuclides fall in the following ranges: 


Analytical errors of precision 
(2-standard deviations) 

1-5 pCi/liter for levels <50 
pCi/liter ; 

5-10% for levels > 50 pCi/ 
liter ; 


Radionuclide 
Strontium-89 








Strontium-90 1-2 pCi/liter for levels <20 
pCi/liter ; 

4-10% for levels > 20 pCi/ 
liter ; 

Iodine-131 

Cesium-137 

Barium-140 


4-10 pCi/liter for levels <100 
pCi/liter ; 

4-10% for levels = 100 pCi/ 
liter. 


For iodine-131, cesium-137, and barium-140, 
there is one exception for these precision error 
ranges: 25 pCi/liter at levels <100 pCi/liter 
for Colorado. This is reflected in the practical 
reporting level for the Colorado milk network. 


Federal Radiation Council guidance applicable 
to milk surveillance 


In order to place the U.S. data on radio- 
activity in milk presented in Radiation Data 
and Reports in perspective, a summary of the 
guidance provided by the Federal Radiation 
Council for specific environmental conditions 
was presented in the February 1973 issue of 
Radiation Data and Reports. 


Data reporting format 


Table 2 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations 
which are routinely reported in Radiation Data 
and Reports. The relationship between the 
PMN stations and the State stations is shown 
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Table 2. Concentration of radionuclides in milk for February 1973 and 12-month period, 
March 1972 through February 1973 


| | 
Radionuclide concentration 
| (pCi /liter) 
| ss 
Sampling location Type 
of } Strontium-90 Cesium-137 
sample * . : 


n 


| " ‘ : 
| Monthly | 12-month Monthly 12-month 

| average> | 

| | 


average average > average 


UNITED STATES: 


Montgomery ¢ 
Palmer © 
Phoenix ¢ 
Little Rock « 
Sacramento ° ‘ 
San Francisco ¢__ 
Del Norte 
Fresno _ _- 
Humboldt 
Los Angeles 
Mendocino 
Sacramento 
San Diego 
Santa Clara 
Shasta 
Sonoma. 

Colo: Denver ¢ 
East - 
Northeast 
Northwest 
South Central 
Southeast 
Southwest 
West 
Hartford ¢ 
Central_- 
Wilmington ¢ 
Washington « 
Tampa ° 
Central 
North____. 
Northeast 
Southeast R 
Tampa Bay area _-. 
West in ss 
Atlanta °_ 
Honolulu °¢__ 
Idaho Falls ¢ 
Chicago ¢____- 
Indianapolis °_- 
Central 
Northeast _ _- 
Northwest 
Southeast 
Southwest -___ 
Des Moines ¢ 
Iowa City 
Des Moines 


Z 
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See footnotes at end of table. 
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Table 2. Concentration of radionuclides in milk for February 1973 and 12-month period, 
March 1972 through February 1973—continued 


Radionuclide concentration 
(pCi /liter) 


Sampling location Type ' . ——————— 
o Strontium-90 


sample * 7 


Monthly 12-month Monthly 12-month 
average > average average> | average 





Minneapolis 
Rochester 
Jackson ¢___ ~~ 
Kansas City ¢ 
St. Louis ¢ 


Las Vegas ¢ 
Manchester °_ 
Trenton ¢ ‘ 
Albuquerque °- _ - 
Buffalo ¢__- 

New York City ¢ 
Syracuse ¢ 


Coolant 


Zz 


ZZ 
cooooRanovocorwoorwwoocosco 


Cincinnati °_- 
Cleveland ¢ 
Oklahoma City ¢ 
Portland ¢ 


PARAM OWDEAAIHAAIA WN Adee ANOIWOS 
~ 
SCNAIEAAOOCOCOCOUDALSOALOKOCONrH 100 


Dn tdcccenadceence ‘ 
Pittsburgh 
Providence ¢ 
Charleston ¢ 
Rapid City ¢ 
Chattanooga ° 
Memphis 
Chattagnooga 
Clinton 
Fayetteville 
Kingston -_-- 


~ 
a 
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Salt Lake City ¢ 
Burlington ¢ 
Norfolk ¢ 
Seattle ¢ 
Spokane ° 
Benton County 
Franklin County 


Sandpoint, Idaho 
. Skagit County 
W. Va: Charleston ¢ 
Wise: Milwaukee ¢ 
Wyo: Laramie °¢ 
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See footnotes at end of table. 


Radiation Data and Reports 





Table 2. 





Sampling location 


CANADA: 
Alberta: Calgary........-.-- 
Sa 
British Columbia: 
Vancouver 
Manitoba: 
Winnipeg 
New Brunswick: 
ee as ee 
Newfoundland: 
Ee a 
Nova Scotia: 
Halifax 
Ottawa : 
Sault Ste. Marie_ 
Thunder Bay - 
Toronto 
Windsor 
Montreal -_ 
Quebec... -- 
Saskatchewan: 


Ontario: 


Quebec: 


DINO. Scicicnwcsnce wens 
CENTRAL AND SOUTH AMERICA: 


Canal Zone: 
Cristobal ¢ 
Chile: Santiago 
Colombia: Bogota 
Ecuador: Guayaquil---_- --- 
Jamaica: Mandeville. _..........-- 
Puerto Rico: 
San Juan¢ 
Venezuela: 
Caracas - - 


PMN network average < 


® P, pasteurized milk. 
R, raw milk. 


b When an individual sampling result was equal to or less than the practical reporting level, a value of “0” 
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Concentration of radionuclides in milk for February 1973 and 12-month period, 
March 1972 through February 1973—continued 
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was used for averaging. 


Monthly averages less than the practical reporting level reflect the fact that some but not all of the individual samples making up the 
average contained levels greater than the practical reporting level. When more than one analysis was made in a monthly period, the number 


of samples in the monthly average is given in parentheses. 


¢ Pasteurized Milk Network station. All other sampling locations are part of the State or National network. 
4 The practical reporting level for this network differs from the general ones given in the text. Sampling results for these networks were 


equal to or less than the following practical reporting levels: 
Cesium-137: Colorado—25 pCi /liter 


¢ This entry gives the average radionuclide concentrations for the Pasteurized Milk Network stations denoted by footnote °. 


NA, no analysis. 
NS, no sample collected. 


in figure 2. The first column in table 2 under 
each of the reported radionuclides gives the 
monthly average for the station and the number 
of samples analyzed in that month in paren- 
theses. When an individual sampling result is 
equal to or below the practical reporting level 
for the radionuclide, a value of zero is used 
for averaging. Monthly averages are calculated 
using the above convention. Averages which 
are equal to or less than the practical reporting 
levels reflect the presence of radioactivity in 
some of the individual samples greater than 
the practical reporting level. 

The second column under each of the radio- 
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nuclides reported gives the 12-month average 
for the station as calculated from the preceding 
12 monthly averages, giving each monthly aver- 
age equal weight. Since the daily intake of 
radioactivity by exposed population groups, 
averaged over a year, constitutes an appro- 
priate criterion for the case where the FRC 
radiation protection guides apply, the 12-month 
average serves as a basis for comparison. 


Discussion of current data 


In table 2, surveillance results are given for 
strontium-90 and cesium-137 for February 1973 
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Figure 2. 


and the 12-month period, March 1972 to Febru- 
ary 1973. Except where noted, the monthly 
average represents a single sample for the 
sampling station. Strontium-89, iodine-131, and 
barium-140 data have been omitted from table 
2 since levels at the great majority of the sta- 
tions for February 1973 were below the respec- 
tive practical reporting levels. No strontium- 
89, iodine-131, or barium-140 was detected. 
Strontium-90 monthly averages ranged from 
0 to 10 pCi/liter in the United States for 
February 1973 and the highest 12-month aver- 
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State and PMN milk sampling stations in the United States 


age was 12 pCi/liter (New Orleans, La.) rep- 
resenting 6.0 percent of the Federal Radiation 
Council radiation protection guide. Cesium-137 
monthly averages ranged from 0 to 59 pCi/liter 
in the United States for February 1973, and 
the highest 12-month average was 48 pCi/liter 
(Southeast Florida) representing 1.3 percent 
of the value derived from the recommendations 
given in the Federal Radiation Council report. 
Of particular interest are the consistently 
higher cesium-137 levels that have been ob- 
served in Florida (7) and Jamaica. 
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Milk Surveillance Programs, December 1972 


National Environmental Research Center— 
Las Vegas Environmental Protection Agency 


The Milk Surveillance Network,' operated by 
the National Environmental Research Center- 
Las Vegas (NERC-LV), consists of 32 regular 
and five alternate sampling locations (figure 1) 
situated in the offsite area surrounding the 
Nevada Test Site (NTS). This routine network 
is operated in support of the nuclear testing 
programs sponsored by the U.S. Atomic Energy 


Commission (AEC) and by the Space Nuclear 
Systems Office, National Aeronautical and 
Space Administration. 

In the event of a release of radioactivity from 
the NTS, special sampling within the affected 


‘This network is operated under a Memorandum of 
Understanding (No. AT (26-1)-539 with the Nevada 
Operations Office, AEC, Las Vegas, Nev. 
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NERC-LV Milk Surveillance Network 
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area is conducted to determine radionuclide 
concentrations and to take protective action, if 
required. Additional milk sampling networks 
are operated in support of AEC operations in 
areas other than the NTS when requested. A 
complete description of sampling and analyti- 
cal procedures was included with the milk re- 
sults reported in the December 1972 issue of 
Radiation Data and Reports. 


Results 


The analytical results of all milk samples col- 


lected in December 1972 by NERC-LV surveil- 
lance programs are listed in table 1. With the 
exception of cesium-137 at levels near the 
minimum detectable activity (MDA) of 10 
pCi/liter, no gamma-emitting fission products 
were detected in any of the samples by gamma 
spectroscopy analysis. Levels of tritium and 
strontium—90 near the MDA’s for these radio- 
nuclides (~200 pCi/liter and 1 pCi/liter, re- 
spectively) were also measured by radiochem- 
istry analyses. Copies of these results were 
distributed to EPA Regional Offices and ap- 
propriate State agencies prior to publication. 


Table 1. Milk surveillance results, December 1972 





Map Date 
Location number 


(1972) 


Sample 
collected type « 


Radionuclide concentrations > 
(pCi/liter) 





Sr 





California: 


Bishop: 
Sierra Farms 


Independence: 
Smith Ranch 

Olancha: 
Hunter Ranch 


Nevada: 


Alamo: 
Williams Dairy 
Austin: 
Young’s Ranch 
Belmont: 
Pine Creek Ranch 
Eureka: 
pear 0 eee 


0: 
Schofield Dairy 
Las Vegas: 
Anderson Dairy 
Arden Dairy 
_ Dairy Farms 
ida: 


a: 
Lida Livestock Company 
Logandale: 
egas Valley Dairy 
Mesquite: 


Hughes Bros. Dairy 
oapa: 
Searles Dairy 
Nyala: 
Sharp’s Ranch 
rump: 


M 


Panaca: 

Kenneth Lee Ranch 
Shoshone: 

Kirkeby Ranch 


Springdale: 
"Saleatent Ranch 
Utah: 


Newcastle: 
. Newcastle Dairy 


t. George: 
R. Cox Dairy 
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*® 11—Pasteurized milk. 
12—Raw milk from Grade A producer(s). 
18—Raw milk from family cow(s). 

> Two-sigma counting error provided when available. 
NA, not analyzed. 
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Food and Diet Surveillance 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuing 
basis. These estimates, along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 


Program 


Period reported 


Networks presently in operation and re- 
ported routinely include those listed below. 
These networks provide data useful for devel- 
oping estimates of nationwide dietary intake 
of radionuclides. Programs reported in Radia- 
tion Data and Reports are as follows: 


Issue 





California Diet Study 

Carbon-14 in Total Diet 
and Milk 

Radiostrontium in Milk 

Strontium-90 in Tri-City 
Diets 


January-June 1971 


July-December 1971 
January-December 1971 


January-December 1971 


December 1972 


May 1972 
November 1972 


December 1972 





Radionuclides in Institutional Diet Samples, January-March 1972 


Environmental Protection Agency and 
Food and Drug Administration 


The determination of radionuclide concentra- 
tions in the diet constitutes an important ele- 
ment of an integrated program of environmen- 
tal radiological surveillance and assessment. 
Recognizing that the diet is a potentially sig- 
nificant contribution to total environmental 
radiation exposures, the Public Health Service 
initiated its Institutional Diet Sampling Pro- 
gram in 1961. The program is now adminis- 
tered by the Office of Radiation Programs, En- 
vironmental Protection Agency with the assist- 
ance of the Office of Food Sanitation, Food and 
Drug Administration, Department of Health, 
Education, and Welfare (1). 


This program estimates the dietary intake of 
radionuclides in a selected population group, 
ranging from children to young adults of school 
age. At present 26 institutions (distributed 
geographically as shown in figure 1) are being 
sampled. Previous results showed that the daily 
dietary intake of teenage girls and children 
from 9 to 12 years of age were comparable, but 
teenage boys consumed 20 percent more food 
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per day (1, 2). Extrapolating this information, 
estimates for teenage boys and/or girls can be 
calculated on the basis of the dietary intake of 
children. 

The sampling procedure is generally the 
same at each institution. Each sample repre- 
sents the edible portion of the diet for a full 
7-day week, (21 meals plus between-meal 
snacks) obtained by duplicating the food intake 
of a different individual daily. Drinking water 
—which is not included—is also sampled peri- 
odically. Each daily sample is kept frozen until 
the end of the collection period. It is then 
packed in dry ice and shipped by air to either 
the National Environmental Research Center, 
Las Vegas, Nev. or the Eastern Environmental 
Radiation Facility, Montgomery, Ala. A de- 
tailed description of sampling and analytical 
procedures has already been presented in 
Radiological Health Data and Reports (3). 


Results 


Table 1 shows the analytical results for in- 
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Figure 1. Institutional diet sampling locations as of March 1972 


Table 1. Concentration and intake of stable elements and radionuclides in institutional total diets of children 
January-March 1972 





Calcium Potassium Strontium-90 | Cesium-137 


Location of Institution 





| | 
(g/kg) | (g/day) | (e¢/kg) | (g/day) | (pCi/kg) | (pCi/day)| (pCi/kg) | (pCi/day) 





0. 


a 
San Francisco | 
Wilmington 
Tampa 

ii: Honolulu 
Idaho Falls 


“nr a 


Carson City 
:Albuquerque 
Cleveland 
Portland 


Salt Lake City--.- 
Seattle 
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SCOPCROOM COMER NH OH ROTA NNOYO 
te te tt ee ed Ll ol aaa 
APAROODA APOPOHRAIVP SOM WOOINIO 
CORDRORSH COCORD ROCOROCONOND NCO Com COCO CORD 
SCISSOR ANN MANDTH DARN WRMNONOWO 
AWOAAIATKGS PATEHILRSANTNONOR Se 


|) lh ool eke heehee Aad hee Lea 











Institutional average 


Oo 
a 
































ee pred sample usually collected the first month of the quarter. 
bFood samples were collected from two or more children who were not between the ages of 9 and 12. 
— Iocine-131, barium-140, and strontium-89 were not detected at any station during this period. 
1S, no sample. 
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stitutional diet samples collected from all sta- 
tions during January-March 1972. The stable 
elements, calcium and potassium, are reported 
in g/kg of diet. Where applicable, radionuclide 
concentrations of these samples reported in 
pCi/kg of diet are corrected for radioactive 
decay to the midpoint of the sample collection 
period. Dietary intakes in g/day or pCi/day 
were obtained by multiplying the food con- 
sumption rate in kg/day by the appropriate 
concentration values. The average food con- 
sumption rate during this period was 1.63 
kg/day compared to the network average of 
1.85 kg/day observed from 1961 through 1971. 

Strontium-90 dietary intake averaged 6 
pCi/day during this period. Cesium-137 intake 
averaged 11 pCi/day. These results fall within 
Range I as defined by the former Federal Radi- 
ation Council (4). Strontium-89, barium-140, 
and iodine-131 concentrations were below de- 
tectable levels. 

All concentrations less than or equal to the 
appropriate minimum detectable level have 
been reported as zero. The minimum detectable 
concentration is defined as the measured con- 
centration equal to the 2-standard-deviation 


analytical error. Accordingly, the minimum de- 
tectable limits are strontium-89, 5 pCi/kg; 
strontium-90, 2 pCi/kg; iodine-131, 10 pCi/kg; 
barium-140, 10 pCi/kg; and cesium-137, 10 
pCi/kg. 


Recent coverage in Radiation Data and Reports: 


Period 


January-March 1971 
April-June 1971 
July-September 1971 
October-December 1971 


Issue 


September 1971 
November 1971 
April 1972 
June 1972 
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SECTION Il. WATER 


The Environmental Protection Agency and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total 
radionuclide intake from all sources is of pri- 
mary importance, a measure of the public 
health importance of radioactivity levels in 
water can be obtained by comparison of the 
observed values with the Public Health Service 
Drinking Water Standards (1). These stand- 
ards, based on consideration of Federal Radia- 
tion Council (FRC) recommendations (2-4) set 
the limits for approval of a drinking water sup- 
ply containing radium-226 and strontium—90 
at 3 pCi/liter and 10 pCi/liter, respectively. 


Water sampling program 





Higher concentrations may be acceptable if the 
total intake of radioactivity from all sources 
remains within the guides recommended by 
FRC for control action. In the known absence’ 
of strontium-90 and alpha-particle emitters, 
the limit is 1,000 pCi/liter gross beta radioac- 
tivity, except when additional analysis indicates 
that concentrations of radionuclides are not 
likely to cause exposures greater than the lim- 
its indicated by the Radiation Protection 
Guides. Surveillance data from a number of 
Federal and State programs are published peri- 
odically to show current and long-range trends. 
Water sampling activities reported in Radia- 
tion Data and Reports are listed below. 


* Absence is taken to mean a negligibly small frac- 
tion of the specific limits of 3 pCi/liter and 10 pCi/liter 
for unidentified alpha-particle emitters and strontium-— 
90, respectively. 


Period reported Issue 





California 

Colorado River Basin 

Community Water Supply Study 
Florida 

Interstate Carrier Drinking Water 
Kansas 

Michigan 

Minnesota 

New York 


June 1972 
March 1972 
September 1972 
January 1972 
May 1972 
February 1973 
November 1971 
November 1972 


January-December 1970 

1968 

1969 

1969 

1971 

January-December 1971 

January-June 1970 

July 1970-June 1971 

July-December 1970 and 
January-June 1971 

1968-1970 

July-December 1971 

October-December 1972 

July 1969-June 1970 

November 1972 


May 1972 
September 1972 
November 1972 
May 1973 
March 1972 
May 1973 


North Carolina 

Radiostrontium in Tap Water, HASL 
Tritium Surveillance System 

Washington 

Water Surveillance Programs, NERC-LV 
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Water Surveillance Programs, December 1972 


National Environmental Research Center— 
Las Vegas, Environmental Protection Agency 


The Water Surveillance Network,' operated 
by the National Environmental Research Cen- 
ter-Las Vegas (NERC-LV), consists of 90 
sampling locations (figures 1 and 2) situated in 
the offsite area surrounding the Nevada Test 
Site (NTS). This routine network is operated 
in support of the nuclear testing programs 


sponsored by the U.S. Atomic Energy Commis- 
sion (AEC) and by the Space Nuclear Systems 
Office, National Aeronautical and Space Ad- 
ministration. 


‘This network is operated under a Memorandum of 
Understanding (No. AT (26-1)-539) with the Nevada 
Operations Office, U.S. AEC, Las Vegas, Nev. 
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NERC-LV Water Surveillance Network 
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Figure 2. NERC-LV Water Surveillance Network—Las Vegas Valley 


In the event of a release of radioactivity from 
the NTS, special sampling within the affected 
area is conducted to determine radionuclide 
concentrations and to take protective action, if 
required. Additional water sampling networks 
are operated in support of AEC operations in 
areas other than the NTS when requested. A 
complete description of sampling and routine 
analytical procedures was included with the 
water results reported in the December 1972 
issue of Radiation Data and Reports. 
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For the purpose of identifying the source of 
the gross radioactivity in all network samples 
and comparing sample concentrations with both 
the AEC concentration guides and the PHS 
Drinking Water Standards, selected samples, 
from each sampling location are given special 
analyses at least once a year beginning with 
calendar year 1972. For surface water samples, 
the special analyses includes strontium-89, 
strontium-90, plutonium-238, plutonium—239, 
uranium, and radium-226. 





Table 1. NERC-LV water surveillance results, December 1972—continued 





Radioactivity concentration * 
(pCi liter) 

Location Map Data 

number collected 





Gross Gross Tritium 
alpha beta 





Fish and Game Office 
Owens River, 3 miles east 

Death Valley Junction: 
Lila’s Cafe 


<1. 
4.52 8. 
<5. 


<3. 
<3. 
Hinkley: 
Bill Nelson Dairy 
Little Lake: 
Little Lake Ranch 
Lone Pine: 
Diaz Lake ? 
Forest Service Ranger Station-___.- 
Olancha: 
Haiwee Reservoir 
Ridgecrest: 
City Hall 
Shoshone: 
Chevron Service Station 


+ 6. 
+ 9. 
+ 9. 
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Nevada: 


Adaven: 
Canfield Ranch 
lamo: 
Sheri’s Bar 
Pahranagat Lake 
Williams Dairy - 
Ash Meadows: 
Ash Meadows Lodge aoe 
Ash Meadows Pond-__-.-....-- eae ee re ee ee 
Austin: 
County Courthouse 
Beatty: 
Richfield Service Station 
Blue Diamond: 
Post Office 
Blue Jay Highway: 
Maintenance Station 
Cactus Springs: 
Mobil Service Station 
Caliente: 
Agricultural Extension Station 
Meadow Valley wash 
Clark Station: 
Five Mile Ranch 
Coyote Summit: 
ee ee iilaide 
Currant Ranch Cafe 
Diablo Highway: 
Maintenance Station 
Diablo: 
Reed Ranch 
Elgin: 
Water tower 
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Chevron Service Station 
Eureka: 
Chevron Service Station 
Glendale: 
Chevron Service Station 
Muddy River 
Goldfield: 
Alkali Springs 
Chevron Service Station 
Hawthorne: 
Walker Lake 
Hiko: 
Crystal Springs - 
St Ml cc ctcocuncechunssoe atkins 
Indian Springs: 
Chevron Service Station 
Las Vegas: 
Cal-Nev Jet Fuels 
Craig Ranch Golf Course 
Cunningham Ranch 
Desert Game Range 
Desert Game Range Pond 
Francis Residence 
Lab II, NERC-LV 
Lake Mead Vegas Wash 
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See footnotes at end of table. 
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Table 1. 


NERC-LV water surveillance results, December 1972—continued 





Location Map Date 
collected 


number 


Radioactivity concentration * 
(pCi liter) 








Nevada—continued 


Las Vevas: 

LDS Dairy Farm 

Tloyd Ranch 

LV Water District Well 28 

Municipal Golf Course 

Tule Springs 

Tule Springs Pond 

Vegas Estates 
Lathrop Wells: 

Texaco Service Station 
Lida Junction: 

Cottontail Ranch 
Lida: 

Lida Livestock Company 

Pond at storage tank 
Lund: 

Gardner Grocery 
Manhattan: 

Country store.._____ 

Seyler Reservoir 
Mercury: 

Groom Lake 
Moapa: 

Pederson Valley View Ranch 
Mt. Charleston: 

Kyle Canyon Fire Station 
Nyala: 

Sharp’s Ranch 
Pahrump: 

Texaco Service Station 
Pioche: 

County Courthouse 
Round Mountain: 

Mobil Service Station 
Springdale: 

Peacock Ranch 

Pond 
Sunnyside: 

FN EE Pee 

Wildlife Mgt. Headquarters 
Tonopah: 

Jerry’s Chevron Station 

—— Test Range CP-1 
Warm Springs: 

Fallini’s Pond 


Service Station and Cafe 
Twin Springs Ranch 


Utah: 


Cedar City: 
M. D. Baldwin residence 
Garrison: 
Rowley Grocery 
Newcastle: 
Municipal Reservoir 
Newcastle Dairy. --........-.-.. ioinicmininipaoe vatnenou 
St. George: 
R. Cox Dairy 
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* Two-sigma counting error provided when available. 
b 21—Pond, lake, reservoir, stock tank, stock pond. 
22—-Stream, river, creek. 
23— Well. 


24—Multiple supply mixed (a water sample consisting of mixed or multiple sources of water, such as well and spring). 


27—Spring. 
NA, not analyzed. 


Results 


The routine analytical results of all water 
samples collected in December 1972 by the 
NERC-LV Water Surveillance Network are 
listed in table 1. No gamma-emitting fission 
products were detected by gamma spectrometry 
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in any of the samples collected. The analytical 
results of samples selected for special analyses 
will be reported at a later date. 


Copies of these results are distributed to 
EPA Regional Offices and appropriate State 
agencies prior to publication. 





SECTION II. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental 
fission product radioactivity. To date, this sur- 
veillance has been confined chiefly to gross beta 
radioanalysis. Although such data are insuffi- 
cient to assess total human radiation exposure 
from fallout, they can be used to determine 
when to modify monitoring in other phases of 
the environment. 

Surveillance data from a number of pro- 


Network 
Fallout in the United States 
and other areas, HASL 
Plutonium in airborne 
particulates 
Surface air sampling program, 
80th Meridian Network, HASL 


January-December 1970 
July-September 1972 


January-December 1970 


grams are published monthly and summarized 
periodically to show current and long-range 
trends of atmospheric radioactivity in the 
Western Hemisphere. These include data from 
activities of the Environmental Protection 
Agency, the Canadian Department of National 
Health and Welfare, and the Pan American 
Health Organization. 

In addition to those programs presented in 
this issue, the following programs were previ- 
ously covered in Radiation Data and Reports. 


Period Issue 
December 1971 
March 1973 


May 1973 
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1. Radiation Alert Network 
February 1973 


Quality Assurance and Environmental 
Monitoring Laboratory 
Environmental Protection Agency 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 68 locations distributed throughout 
the country (figure 1). Most of the stations are 
operated by State health department person- 
nel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples at 
5 hours after collection, when most of the radon 
daughter products have decayed, and at 29 


hours after collection, when most of the thoron 
daughter products have decayed. They also per- 
form field estimates on dried precipitation sam- 
ples and report all results to appropriate Envi- 
ronmental Protection Agency officials by mail 
or telephone depending on levels found. A com- 
pilation of the daily field estimates is available 
upon request from the Quality Assurance and 
Environmental Monitoring Laboratory, EPA, 
Research Triangle Park, N.C. 27711. A detailed 
description of the sampling and analytical pro- 
cedures was presented in the March 1968 issue 
of Radiological Health Data and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured by 
the field estimate technique, during February 
1973. 
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Figure 1. 
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Radiation Alert Network sampling stations 








Table 1. Gross beta radioactivity in surface air and precipitation, February 1973 





Gross beta radioactivity Precipitation 
(5-hour field estimate) a 
(pCi/m*) 
Number Field estimation of deposition 
Station location of 
samples 











as Number Depth Total 
Maximum | Minimum | Average * of (mm) deposition 


samples (nCi/m!*) 





Montgomery 
Anchorage 
Attu Island 
Fairbanks 


2 101 11 


Washington 
Jacksonville 


Springfield 

Indianapolis 

Iowa City 

Topeka 

Frankfort 

FE SR ca ccnccentoses adnaicoaest 
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Baltimore 


New York City 
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Cincinnati 
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Painesville 


Oklahoma City 
Portland 
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Network summary 
































* The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
> This station is part of the tritium surveillance system. No gross beta measuiements are Gone. 
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2. Canadian Air and Precipitation Monitoring 
Program,' February 1973 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout 
Study Program. Twenty-four collection stations 
are located at airports (figure 2), where the 
sampling equipment is operated by personnel 
from the Meteorological Services Branch of the 
Department of Transport. Detailed discussions 
of the sampling procedures, methods of analy- 
sis, and interpretation of results of the radio- 
active fallout program are contained in reports 
of the Department of National Health and Wel- 
fare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the May 
1969 issue of Radiological Health Data and 
Reports. 


* Prepared from information and data obtained from 
the Canadian Department of National Health and Wel- 
fare, Ottawa, Canada. 


Surface air and precipitation data for Feb- 
ruary 1973 are presented in table 2. 


Table 2. Canadian gross beta radioactivity in surface air 
and precipitation, February 1973 





Air surveillance 
gross beta 
radioactivity 
(pCi/m') 


Precipitation 
measurements 


Station " 7 
otal 
depo- 
sition 
(nCi 
m?) 


Average | 

concen- 

tration 
(pCi 
liter) 
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Figure 2. 
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Canadian air and precipitation sampling stations 





3. Pan American Air Sampling Program 


February 1973 


Pan American Health Organization and 
U.S. Environmental Protection Agency 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the Environmental Protection Agency 
(EPA) to assist PAHO-member countries in 
developing radiological health programs. 

The air sampling station locations are shown 
in figure 3. Analytical techniques were de- 
scribed in the March 1968 issue of Radiological 
Health Data and Reports. The February 1973 
air monitoring results from the participating 
countries are given in table 3. 
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Figure 3. Pan American Air Sampling Program stations 
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Table 3. Summary of gross beta radioactivity in Pan 
American surface air, February 1973 





Gross beta radioactivity 
: : Num- (pCi/m 
Station location 





Argentina: 
Bolivia: 
Chile: 
Colombia: 
Ecuador: 





Guyana: 
Jamaica: 
Peru: 
Venezuela: 

















*The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m!* are reported 
and used in averaging as 0.00 pCi/m‘. 





California Air Sampling Program 
February 1973 


Bureau of Radiological Health 
California State Department of Public Health 


The Bureau of Radiological Health of the 
California State Department of Public Health 
with the assistance of several cooperating agen- 
cies and organizations operates a surveillance 
system for determining radioactivity in air- 
borne particulates. The air sampling locations 
are shown in figure 4. 

All air samples are sent to the Sanitation and 
Radiation Laboratory of the State Department 
of Public Health where they are analyzed for 
their radioactive content. 

Airborne particles are collected by a continu- 
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Figure 4. California air sampling program stations 


ous sampling of air filtered through a 47 milli- Table 4. Gross beta radioactivity in California air, 
meter membrane filter, 0.8 micron pore size, vubvunty SUS 

using a Gast air pump of about 2 cubic feet per Num- | Gross beta radioactvity 
minute capacity, or 81.5 cubic meters per day. Station location (pCi/m!) 

Air volumes are measured with a direct read- 
ing gas meter. Filters are replaced every 24 
hours except on holidays and weekends. The 
filters are analyzed for gross alpha and beta 
radioactivity, 72 hours after the end of the col- 
lection period. The daily samples are then com- Los Angeles 
posited into a monthly sample for gamma aS 
spectroscopy and an analysis for strontium-89 San 

and strontium-90. Table 4 presents the monthly _ Santa Rosa 
gross beta radioactivity in air for February = summary 
1973. The monthly sample results are presented A 
quarterly. i sa 
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5. Mexican Air Monitoring Program 
September-December 1972 


Instituto Nacional de Energia Nuclear 
México, D.F. 


Until December 1971, the Radiation Surveil- 
lance Network of Mexico was operated by the 
Comision Nacional de Energia Nuclear 
(CNEN). 

In December 1971, the CNEN became the In- 
stituto Nacional de Energia Nuclear (INEN), 
as a result of a new law passed by Congress. 

In the Instituto Nacional de Energia Nuclear, 
the Comité de Seguridad Radiolégica (Radio- 
logical Security Committee) (CSR) is responsi- 
ble for radiological protection. The Environ- 
mental Radioactivity Section (Seccién de 
Radioactividad Ambiental) of the CSR is in 
charge of monitoring and measuring environ- 
mental radioactive contamination in general, 
including radiation in mines, uranium milling 
plant, and the Nuclear Center of Mexico. 


Table 5. Mexican gross beta radioactivity of airborne 


particulates, September-December 1972 





Station 


Gross beta radioactivity 
(pCi/m!) 





Septem- 
er 


Novem- 
ber 





Chihuahua: 


Average 


Ensenada: 
Maximum 
Minimum 
Average 


M érida: 


Average 


Mexico: 
Maximum 
Minimum 
Average 


Torre6n 
Maximum 
Minimum 
Average 


Veracruz: 
Maximum 
Minimum 
Average 


® Average not calculated for less than five samples. 
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Figure 5. Mexican air sampling locations 
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Since radioactivity in air particulates have 
decreased to very low levels in the past few 
years, the objective of the air monitoring pro- 
gram has been changed from an alert type of 
network to emphasize dose assessment. 

Measurements will continue in the following 
6 areas: México City, D.F., Chihuahua, Ense- 
nada, Torreén, Veracruz, and Mérida (figure 
5). The sampling and analysis procedures were 
described previously (6). 

The maximum, minimum, and average beta 
radioactivity in surface air from September 
through December are presented in table 5. 
Statistically it has been found that a minimum 
of five samples per month was needed to get a 
reliable average radioactivity at each station 


(7). 





6. Plutonium in Airborne Particulates 
October-December 1972 


Office of Radiation Programs 
Environmental Protection Agency 


The Radiation Alert Network (RAN) of the 
Division of Atmospheric Surveillance, Environ- 
mental Protection Agency, routinely collects 
airborne particulate samples from 11 selected 
RAN stations for plutonium analyses. The plu- 
tonium analyses were initiated in November 
1965, and references to the previous results 
through December 1969 have been published 
(8). 

One-half of each individual air filter from 
the selected stations is sent to the Eastern En- 
vironmental Radiation Facility, Montgomery, 
Ala. The laboratory analyzes a composite of 
these samples from each station on a quarterly 
basis. The results from October to December 
1972 are presented in table 6. The minimum 
detectable activities are 0.020 pCi and 0.015 
pCi per sample for plutonium—238 and plu- 
tonium-239, respectively. The volume of air 
samples varies, generally ranging from 20,000 
to 30,000 cubic meters per month. 
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Table 6. Plutonium in airborne particulates October- 
December 1972 





Location | Ptutonium-238| Plutonium- am, 239 Pu /48Pu 


(aCi/m*) | (aCi/m’) 
! 


Alaska: Anchorage... ____ 
i Phoenix ___-__- 
Denver : 
ii: Honolulu--_--__. 
New Orleans_-____| 
Baltimore __ 
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Other coverage in Radiation Data and Reports: 


Period 
October-December 1971 
January-March 1972 
April-September 1972 
July-September 1972 


Issue 
July 1972 
December 1972 
January 1973 
March 1973 
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Air Surveillance Network, February 1973 


National Environmental Research Center— 
Las Vegas,' 
Environmental Protection Agency 


The Air Surveillance Network’? (ASN), op- 
erated by the National Environmental Research 
Center-Las Vegas (NERC-LV), consists of 
49 active and 73 standby sampling stations 
located in 21 western States (figures 1 and 2). 
The network is operated in support of nuclear 
testing sponsored by the Atomic Energy Com- 
mission (AEC) at the Nevada Test Site (NTS), 
by the Space Nuclear Systems Office at the 


*Formerly the Western Environmental Research 
Laboratory. 

*The ASN is operated under a Memorandum of Un- 
derstanding (No. AT(26-1)-—539) with the Nevada Op- 
erations Office, U.S. Atomic Energy Commission. 


Nuclear Rocket Development Station (which 
lies within the NTS), and by the AEC at any 
other designated testing sites.’ 

The stations are operated by State health 
department personnel and by private individ- 
uals on a contract basis. All active stations are 
operated continuously with filters being ex- 
changed over periods generally ranging from 
24 to 72 hours. All samples are mailed to the 
NERC-LV unless special retrieval is arranged 
at selected locations in response to known re- 
leases of radioactivity from the NTS. A com- 
plete description of sampling and analytical 
procedures was presented in the February 1972 
issue of Radiation Data and Reports. 
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Figure 1. 


NERC-LV Air Surveillance Network stations in Nevada 
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Results 


Table 1 presents the monthly average gross 
beta concentrations in air for each of the net- 
work stations. The highest gross beta concen- 
tration within the network was less than 0.2 
pCi/m* at Alamo and Round Mountain, Nev., 
and Delta, Utah. Because of low sample vol- 
umes (approximately 50 percent of normal) 
due to power outages at those three stations, 
the minimum detectable concentrations were 
0.2 pCi/m*. The minimum reporting concentra- 
tion for gross beta is 0.1 pCi/m*. For averag- 
ing purposes, individual concentrations which 
are below the minimum detectable concentra- 


tion (0.06 pCi/m*) are assumed to be equal to 
the minimum detectable concentration. Aver- 
ages less than the minimum reporting level 
(0.1 pCi/m’*) are reported as <0.1 pCi/m*. No 
radionuclides were identified by gamma spec- 
trometry on any filters or charcoal cartridges 
during February 1973. 


Complete copies of this summary and list- 
ings of the daily gross beta and gamma spec- 
trometry results are distributed to EPA re- 
gional offices and appropriate State agencies. 
Additional copies of the daily results may be 
obtained from the NERC-LV upon written 
request. 


Table 1. Summary of gross beta radioactivity concentrations in air, February 1973 





Location 


Ariz: Kingman .--___. hii desea clacton i 
a as 
Calif: 


Bishop 

Death Valley Junction 
Furnace Creek 

Long Pine 

Need 


Caliente 
Currant Ranch 
Diablo 


Fallini’s Twin Springs Ranch------___..------ 


Geyser Maintenance Station 
Goldfield 


Indian Springs 
Las Vegas 


Scotty’s Junction 

Stone Cabin Ranch 

Sunnyside 

Tonopah 

Tonopah Test Range___.______--- - 
Warm Springs 

Warm Springs Ranch 

Cedar City 


St. George 


Concentration 
(pCi/m') 


Number 
of 


MEGS ts a Roe ek 


Maximum Minimum | Average * 
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* Individual values less than the minimum detectable concentration (MDC) are set equal to the MDC for aver- 
aging. A monthly average less than the minimum reportable value of 0.1 pCi/m? is reported a <0.1. 
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Figure 2. NERC-LV Air Surveillance Network stations outside Nevada 
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SECTION IV. OTHER DATA 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. In- 
cluded here are such data as those obtained 


from human bone sampling, Alaskan surveil- 
lance, and environmental monitoring around 
nuclear facilities. 





Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors semiannual re- 
ports on the environmental levels of radioactiv- 
ity in the vicinity of major Commission instal- 
lations. The reports include data from routine 
monitoring programs where operations are of 
such a nature that plant environmental surveys 
are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 


ards set forth by AEC’s Division of Operational 
Safety in directives published in the “AEC 
Manual.” * 

A summary of the environmental radioactiv- 
ity data follow for the Knolls Atomic Power 
Laboratory. 


‘Title 10, Code of Federal Regulations, Part 20, 
“Standards for Protection Against Radiation,” contains 
essentially the standards published in Chapter 0524 of 
the AEC Manual. 





1. Knolls Atomic Power Laboratory’ 
January-December 1971 


General Electric Company 
Schenectady, N.Y. 


The principal function of the Knolls Atomic 
Power Laboratory (KAPL), operated by the 
General Electric Company for the Atomic 
Energy Commission (AEC), is to support the 
AEC in the development and testing of nuclear 
reactors for power plants. This includes design, 
construction, operation, and maintenance of 
prototype nuclear power reactors. The Knolls 
Atomic Power Laboratory consists of two sites, 
the Knolls and the Kesselring site, located as 
shown in figure 1. 


?Summarized from “Environmental Monitoring at 
Major U.S. Atomic Energy Commission, Knolls Site 
and Kesselring Site,” January-December 1971. 
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@ Water Sampling Station 


Scale in Miles 








Figure 1. Environmental monitoring locations, KAPL 
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Knolls site 


The Knolls site is located 5 miles east of 
Schenectady, N.Y., on the south bank of the 
Mohawk River. It consists of approximately 
170 acres on which are located administrative 
buildings; chemistry, physics, metallurgical, 
engineering, and radioactive materials labora- 
tories; critical assembly buildings; machine 
shops, decontamination facilities; radioactive 
waste storage and processing facilities; and nu- 
clear fuel storage and assembly buildings. 

The Knolls site releases of radioactive mate- 
rials both to the atmosphere and to the Mohawk 
River are limited to the lowest practicable 
amounts below the AEC standards. Prior to the 
release, exhaust air and liquid waste are treated 
and carefully monitored. In addition to the in- 
plant control monitoring, an environmental 
monitoring program is conducted to detect en- 
vironmental trends related to Knolls site opera- 
tions and to ascertain compliance with the 
radioactivity standards established by the AEC. 


Air monitoring 


Potentially radioactive exhaust air from 
Knolls site operations is filtered and monitored 
prior to discharge to the environment. Noble 
gases, according to detailed conservative analy- 
ses, result in an offsite exposure corresponding 
to less than 0.05 percent of the external radia- 
tion protection standard for an individual mem- 
ber of the offsite population. Continuous filter 
samples of the effluent are collected and these 
samples are analyzed on a weekly basis for 
gross alpha and beta-gamma activity and for 
selected radionuclides. Monitoring results for 
1971 indicate a total discharge of 0.62 mCi con- 
sisting of 0.05 mCi of alpha particulate activity, 
0.53 mCi of beta-gamma particulate activity 
and 0.04 mCi of iodine-131. During 1971, the 
radioactivity concentration in the effluent from 
the stacks averaged less than 3 percent of the 
appropriate environmental concentration guide 
for air as given in AEC Manual Chapter 0524. 


Mohawk River and municipal waters 


Continuous samples of Mohawk River water 
were collected at the General Electric Company 
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powerhouse, 8 miles upriver from the Knolls 
site, and at the Vischer Ferry powerhouse, 1.7 
miles downriver, as shown in figure 1. Weekly 
aliquots of each river sample were composited 
and analyzed on a monthly basis. In addition, 
grab samples of Schenectady municipal water 
were collected and analyzed. The samples were 
analyzed for gross alpha with alpha propor- 
tional counters and for gross beta-gamma ac- 
tivity using thin mica end-window geiger coun- 
ters. In addition, municipal water was analyzed 
for strontium-90, if the gross beta-gamma con- 
centration exceeded 10 pCi/liter; this did not 
occur during 1971. Each analysis involves 
radiation counting of dry mounts prepared by 
appropriate chemical procedures; i.e., an ex- 
traction technique for alpha analysis, an evap- 
oration procedure employing nitric acid for 
beta-gamma analysis, and a separation proce- 
dure for strontium—90 analysis. 

The radioactivity monitoring results for Mo- 
hawk River water and Schenectady municipal 
water for 1971 are summarized in table 1. The 
results show no statistical differences between 
the radioactivity concentration in river water 
upstream and downstream of the Knolls site or 
between river water samples and samples of 
municipal water. The gross beta-gamma radio- 
activity and the gross alpha radioactivity con- 
centrations averaged less than 1.5 percent and 
0.014 percent, respectively, of the applicable 
environmental concentration guide for water, 
as determined from AEC radiation protection 
standards. The data presented in table 1 and 
the foregoing comparison indicate that the 
small amount of radioactivity discharged dur- 
ing 1971 had no discernable effects on the en- 
vironmental radioactivity levels in Mohawk 
River and municipal waters. 


Mohawk River bottom sediment 


The Knolls site Mohawk River sediment 
monitoring program involved the collection and 
analyses of sediment samples in each of three 
calendar quarters; ice coverage prevents collec- 
tion during the first calendar quarter. Bottom 
samples were collected at the upriver and down- 
river locations from the Knolls site with a 
Birge-Ekman Dredge from areas 6 inches by 6 
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Table 1. 


Radioactivity in Mohawk River water and Schenectady municipal 


water, Knolls site, 1971 * 








Location and source 
of water 
sampled 


Total radioactivity concentration 
(pCi/liter) 


Beta-gamma 
Maxi- Mini- 
mum mum 





General Electric Power- 
house, 8 miles upriver-- - 


Vischer Ferry, 1.7 miles 
downriver 


Schenectady municipal 











6.344.4 <3.6 
(MDA) 
5.0 | <3.9 
A) (MDA) 


| 4.0+48.6 
| 


< 
(MD 
<4.9 
DA) 


(MDA 














* Minimum detectable activity (MDA) values and the statistical precision (+) values are 


expressed at the 95-percent confidence level. 


inches to an average depth of 1 inch. All sam- 
ples were analyzed for gross alpha activity by 
the extraction technique, for gross beta-gamma 
by direct counting of a dried aliquot of the 
sample, and for gamma emitters by gamma 
spectrum analysis. Selected samples are also 
analyzed for strontium—90 by isotopic separa- 
tion technique. The radioactivity monitoring re- 
sults for Mohawk River bottom sediment for 
1971 are summarized in table 2. 

The data presented in table 2 indicate that 
the radioactivity concentration in sediment 
downriver from the Knolls site is generally 
higher than the concentration upriver. This 
resulted from liquid effluent releases prior to 
1964, when the activity discharged per year 
was up to 7,000 times higher than in recent 


Table 2. Radioactivity concentrations in Mohawk River sediment,* Knolls site, 1971 


years. Of the total radioactivity released from 
the Knolls site, over 99 percent was discharged 
prior to 1964. 


Perimeter monitoring 


Environmental monitoring thermolumines- 
cent dosimeters are posted on the Knolls site 
security fence. The results of this monitoring 
show that the general public did not receive 
radiation exposure greater than natural back- 
ground as a result of Knolls site operations. 


Kesselring site 


The Kesselring site, located on approximately 
3,900 acres near West Milton, N.Y., is a part 
of the Knolls Atomic Power Laboratory. Its 





Num- 
Area sampled rela- | ber of 
tive to effluent point} sam- 
ples 


Total radioactivity 
(pCi/g wet weight) 





Maximum Minimum 


| 
Wedtetr. ...<... ‘ | 0.39+40.10 
Downriver. --- - - 
Opposite 


0.14+0.07 
122 .06 


-284 .08 | 


Average Maximum | Minimum | Average 


26+5.7 12+4.9 
$145.5 9344.8 | 
20+5.0 14+5.1 


0.25+0.06 
834 .05 
-292 .05 





-964 .68 
3.1 + .94 
1.4 + .65 


Upriver 3 
Downriver .-__-...-.- 3 
3 











Cesium-137 
(pCi/g wet weight) 


Strontium-90 
(pCi/g wet weight) 





b <.23 
404.27 
b<.21 


S21 | 
bs.-21 | 
» <.21 | 











* Multiply values by 2.3 to convert to units of pCi/g (dry weight). 
b Minimum detectable activity values and the statistical precision (+) values are expressed at the 95-percent 


confidence level. 
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principal facilities include the S8G and D1G 
prototype reactors, equipment service building, 
fuel service building, and waste treatment fa- 
cilities. Regular environmental monitoring ac- 
tivities are conducted to assure that laboratory 
releases of radioactivity to the environment are 
in compliance with AEC standards. 


Water monitoring 


All Glowegee Creek water analysis results 
were below the minimum detectable activity 
concentration that may be considered valid at 
the 90-percent confidence level. During the re- 
port period, a new analytical technique lowered 
the minimum detectable activity from 50 pCi/ 
liter to 4.5 pCi/liter with a maximum error of 
+ 100 percent at the 90-percent confidence 
level. The results show no statistically signifi- 
cant difference between the radioactivity con- 
centration in Glowegee Creek water upstream 
and downstream from the site. 


Sediment monitoring 


Glowegee Creek sediment radioactivity meas- 
urements are analyzed by gamma radiation 
spectrometry on a monthly basis. Sample loca- 
tions are the same as those listed for Glowegee 
Creek water sampling. The minimum detectable 
activity (MDA) for cobalt-60 is 0.1 pCi/g of 
sediment while the MDA for the gross gamma 
radioactivity analysis is 0.2 pCi/g of sediment. 
These MDA’s are based on average height and 
density values of sediment samples obtained 
using a 90-percent confidence level for the 
error. The samples are taken by scooping up 2 
inches of sediment from the creek bottom. At 
least 500 grams are required for each sample. 
Table 3 presents the sediment analysis results. 

The results show no statistically significant 


Table 3. Radioactivity in Glowegee Creek sediment 
Kesselring site, January-December 1971 





Gross gamma radioactivity* 
(pCi/g dry weight) 


Cohalt-60 
(pCi/g dry 
weight) 


Number 
Location of 
samples 





Average Average 





Upstream | | 1 1.9 
Downstream _--! 10 | ‘ . 8-19. 2.0 











*Primarily potassium-40. 


390 


difference between the radioactivity concentra- 
tion in Glowegee Creek sediment upstream and 
downstream from the site. 


Environmental radiation monitoring 


In addition to the air exhaust stack radioac- 
tivity monitoring, surveys are made semiannu- 
ally of the radiation levels at the Kesselring 
site perimeter. Perimeter surveys performed 
during the year showed normal background 
radiation levels for the geographic location. 
The result of the perimeter survey extrapolated 
to an annual exposure indicates average perim- 
eter radiation levels of <0.1 roentgen per year. 
It is concluded that Kesselring site operations 
did not significantly contribute to the natural 
background radiation of the surrounding area. 


Effluent monitoring 


Liquid effluent released from the Kesselring 
site is collected, processed, and sampled prior 
to release to the Glowegee Creek. During dis- 
charge each retention basin is sampled when 
one half of the liquid is discharged and again 
just prior to completion. The water returned 
to the Glowegee Creek in 1971 contained less 
than 0.92 mCi of radioactivity. This results in 
an average concentration of less than 0.006 
percent of the appropriate AEC standards. 

Air released from power plant and radiologi- 
cal support buildings is continuously monitored 
for air particulate activity. The activity is col- 
lected on high efficiency filter paper and the 
activity is analyzed for beta-gamma activity. 
The total airborne particulate radioactivity dis- 
charged to the environment during the calendar 
year 1971 was less than 2 pCi. This resulted in 
an average concentration of less than 1.5 per- 
cent of the appropriate AEC standard. The only 
gaseous radionuclide of concern, argon—41, has 
a half life of less than 2 hours and does not 
build-up in the environment. 

It is concluded from the effluent monitoring 
results that Kesselring site operations are effec- 
tive in protecting the environment and the 
public health. 
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Nuclear Power Reactors in the United States 
March 31, 1973 


Each quarter year, the Atomic Energy Commission releases 
information on the status of all present and proposed civilian 
nuclear power generating units in the United States. This 
information is reproduced for interested readers of Radiation 
Data and Reports. 
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Figure 1. Nuclear power reactors in the United States, March 31, 











INITIAL 
PLANT NAME CAPACITY UTILITY DESIGN 


(Net Kilowatts) POWER 


ALABAMA 
Decatur Browns Ferry Nuclear Power Plant: Unit 1 1,065,000 Tennessee Valley Authority 1973 
Decatur Browns Ferry Nuclear Power Plant: Unit 2 1,065,000 Tennessee Valley Authority 1974 
Decatur Browns Ferry Nuclear Power Plant: Unit 3 1,065,000 Tennessee Valley Authority 1974 
Dothan Joseph M. Farley Nuclear Plant: Unit 1 829,000 Alabama Power Co 1975 
Dothan Joseph M. Farley Nuclear Plant: Unit 2 829,000 Alabama Power Co 1977 
Selma Orville: Unit 1 1,100,000 Alabama Power Co 1981 
Selma Orville: Unit 2 1,100,000 Alabama Power Co 1982 
ARKANSAS 
Russellville Arkansas Nuclear One: Unit 1 820,000 Arkansas Power & Light Co 1973 
Russellville Arkansas Nuclear One: Unit 2 902,000 Arkansas Power & Light Co 1976 
CALIFORNIA 
Humboldt Bay Humboldt Bay Power Plant: Unit 3 68,500 Pacific Gas and Electric Co 1963 
San Clemente San Onofre Nuclear Generating Station: Unit 1 430,000 So. Calif. Ed. & San Diego Gas & El. Co 1967 
San Clemente San Onofre Nuclear Generating Station: Unit 2 1,140,000 So. Calif. Ed. & San Diego Gas & El. Co 
San Clemente San Onofre Nuclear Generating Station: Unit 3 —_- 1,140,000 So. Calif. Ed. & San Diego Gas & El. Co 
Diablo Canyon Diablo Canyon Nuclear Power Plant: Unit 1 1,060,000 Pacific Gas and Electric Co 1974 
Diablo Canyon Diablo Canyon Nuclear Power Plant: Unit 2 1,060,000 Pacific Gas and Electric Co 1975 
Clay Station Rancho Seco Nuclear Generating Station 804,000 Sacramento Municipal Utility District 1974 
Pt. Arena Mendocino Power Plant: Unit 1 1,128,000 Pacific Gas & Electric Co 1978 
Pt. Arena Mendocino Power Plant: Unit 2 1,128,000 Pacitic Gas & Electric Co 1979 
x 770,000 Southern California Edison Co 1981 
770,000 Southern California Edison Co 1982 
COLORADO 
Platteville Ft. St. Vrain Nuclear Generating Statior 330,000 Public Service Co. of Colorado 1973 
CONNECTICUT 
Haddam Neck Haddam Neck Plant 575,000 Conn. Yankee Atomic Power Co 1967 
Waterford Millstone Nuclear Power Station: Unit 1 652,100 Northeast Utilities 1970 
Waterford Millstone Nuclear Power Station: Unit 2 828,000 Northeast Utilities 1974 
Waterford Millstone Nuclear Power Station: Unit 3 1,150,000 Northeast Utilities 1979 
DELAWARE 
Middletown Delmarva Unit 1 770,000 Delmarva Power & Light Co 1978 
Middletown Delmarva Unit 2 770,000 Delmarva Power & Light Co 1981 
FLORIDA 
Florida City Turkey Point Station: Unit 3 693,000 Florida Power & Light Co 1972 
Florida City Turkey Point Station: Unit 4 693,000 Florida Power & Light Co 1973 
Red Level Crystal River Plant: Unit 3 825,000 Florida Power Corp 1973 
Ft. Pierce St. Lucie Plant: Unit 1 801,000 Florida Power & Light Co 1975 
Ft. Pierce St. Lucie Plant: Unit 2 801,000 Florida Power & Light Co 1979 
GEORGIA 
Baxley Edwin |. Hatch Nuclear Plant: Unit 1 786,000 Georgia Power Co 1973 
Baxley Edwin |. Hatch Nuclear Plant: Unit 2 795,000 Georgia Power Co 1976 
Waynesboro Alvin W. Vogtle, Jr. Plant: Unit 1 1,121,000 Georgia Power Co 1978 
Waynesboro Alvin W. Vogtle, Jr Plany. Unit 2 1,121,000 Georgia Power Co 1979 
ILLINOIS 
Morris Dresden Nuclear Power Station: Unit 1 200,000 Commonwealth Edison Co 1960 
Mortis Dresden Nuclear Power Station: Unit 2 809,000 Commonwealth Edison Co 1970 
Morris Dresden Nuclear Power Station: Unit 3 809,000 Commonwealth Edison Co 1972 
Zion Zion Nuclear Plant: Unit 1 1,050,000 Commonwealth Edison Co 1972 
Zion Zion Nuclear Plant: Unit 2 1,050,000 Commonwealth Edison Co 1973 
Cordova Quad-Cities Station: Unit 1 800,000 Comm. Ed. Co.-la.-Ill. Gas & Elec. Co 1972 
Cordova Quad-Cities Station: Unit 2 800,000 Comm. Ed. Co.-la.-Ill. Gas & Elec. Co 1972 
Seneca LaSalle Co. Nuclear Station: Unit 1 1,078,000 Comm. Ed. Co.-la 1977 
Seneca LaSalle Co. Nuclear Station: Unit 2 1,078,000 Comm. Ed. Co.-la 1978 
Byron Byron Station: Unit 1 1,120,000 Comm. Edison Co 1979 
Byron Byron Station: Unit 2 1,120,000 Comm. Edison Co 1980 
Braidwood Braidwood: Unit 1 1,100,000 Comm. Edison Co 1980 
Braidwood Braidwood: Unit 2 1,100,000 Comm. Edison Co 1981 
Clinton Clinton Nuclear Power Plant 950,000 Comm. Edison Co 1980 
Clinton Clinton Nuclear Power Plant 950,000 Comm. Edison Co 1982-3 
INDIANA 
Dune Acres Bailly Generating Station 660,000 Northern Indiana Public Service Co 1977 
1OWA 
Palo Duane Arnold Energy Center: Unit 1 529,700 lowa Electric Light and Power Co 1973 
LOUISIANA 
Taft Waterford Generating Station 1,165,000 Louisiana Power & Light Co 1976 
St. Francisville River Bend Station 934,000 Gulf States Utilities Co 1979 











Figure 1. Nuclear power reactors in the United States—continued 
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Nuclear power reactors in the United States—continued 











INITIAL 
PLANT NAME CAPACITY UTILITY DESIGN 
(Net Kilowatts) POWER 


OHIO 
Oak Harbor Davis-Besse Nuclear Power Station : Toledo Edison-Cleveland Electric 
IHuminating Co. 1974 
Painesville Perry Nuclear Power Plant: Unit 1 .100; Cleveland Electric Illuminating Co. 1979 
Painesville Perry Nuclear Power Plant: Unit 2 ,100, Cleveland Electric INluminating Co. 1980 
Moscow Wm. H. Zimmer Nuclear Power Station: Unit 1 y Cincinnati Gas & Electric Co. 1976 
OREGON 
Prescott Trojan Nuclear Plant: Unit 1 .130, Portland General Electric Co. 1975 
Boardman .200, Portland General Electric Co. 1980 
PENNSYLVANIA 
Peach Bottom Peach Bottom Atomic Power Station: Unit 1 y Philadelphia Electric Co. 1967 
Peach Bottom Peach Bottom Atomic Power Station: Unit 2 ,065, Philadelphia Electric Co. 1973 
Peach Bottom Peach Bottom Atomic Power Station: Unit 3 ,065, Philadelphia Electric Co. 1974 
Pottstown Limerick Generating Station: Unit 1 J Philadelphia Electric Co. 1978 
Pottstown Limerick Generating Station: Unit 2 y Philadelphia Electric Co. 1979 
Shippingport Shippingport Atomic Power Station: Unit 1 Duquesne Light Co. 1957 
Shippingport Beaver Valley Power Station: Unit 1 : Duquesne Light Co.-Ohio Edison Co. 1974 
Shippingport Beaver Valley Power Station: Unit 2 / Duquesne Light Co.-Ohio Edison Co. 1978 
Goldsboro Three Mile Island Nuclear Station: Unit 1 . Metropolitan Edison Co. 1973 
Goldsboro Three Mile Island Nuclear Station: Unit 2 J Jersey Central Power & Light Co. 1975 
Berwick Susquehanna Steam Electric Station: Unit 1 052, Pennsylvania Power and Light 1979 
Berwick Susquehanna Steam Electric Station: Unit 2 ,052, Pennsylvania Power and Light 1981 
. Philadelphia Electric Co.: HTGR No. 1 ,140, Philadelphia Eiectric Co. 1979 
. Philadelphia Electric Co.: HTGR No. ? ,140, Philadelphia Electric Co. 1981 
SOUTH CAROLINA 
Hartsville H. B. Robinson S.E. Plant: Unit 2 . Carolina Power & Light Co. 1971 
Seneca Oconee Nuclear Station: Unit 1 ; Duke Power Co. 1972 
Seneca Oconee Nuclear Station: Unit 2 , Duke Power Co. 1973 
Seneca Oconee Nuclear Station: Unit 3 t Duke Power Co. 1973 
Broad River Virgil C. Summer Nuclear Station: Unit 1 ; South Carolina Electric & Gas Co. 1977 
Lake Wylie Catawba Nuclear Station: Unit 1 . 180, Duke Power Co. 1979 
Lake Wylie Catawba Nuclear Station: Unit 2 , 180, Duke Power Co. 1980 


TENNESSEE 
Daisy Sequoyah Nuclear Power Plant: Unit 1 1,140,000 Tennessee Valley Authority 1974 
Daisy Sequoyah Nuclear Power Plant: Unit 2 1,140,000 Tennessee Valley Authority 1975 
Spring City Watts Bar Nuclear Plant: Unit 1 1,169,000 Tennessee Valley Authority 1977 
Spring City Watts Bar Nuclear Plant: Unit 2 1,169,000 Tennessee Valley Authority 1978 
Oak Ridge Fast Breeder Demonstration Plent 400,000 Tennessee Valley Authority 1980 
TEXAS 
Glen Rose Commanche Peak Steam Electric Station: Unit 1 1,150,000 Texas Power & Light Co. 1980 
Glen Rose Commanche Peak Steam Electric Station: Unit 2 1,150,000 Texas Power & Light Co 1982 
Newton County Blue Hills: Unit 1 950,000 Gulf States Utilities 1980 
VERMONT 
Vernon Vermont Yankee Generating Station 513,900 Vermont Yankee Nuclear Power Corp. 1972 
VIRGINIA 
Gravel Neck Surry Power Station: Unit! 4 788,000 Virginia Electric & Power Co. 1972 
Gravel Neck Surry Power Station: Unit 2 788,000 Virginia Electric & Power Co. 1973 
Mineral North Anna Power Station: Unit 1 898,000 Virginia Electric & Power Co. 1974 
Mineral North Anna Power Station: Unit 2 898,000 Virginia Electric & Power Co. 1975 
Mineral North Anna Power Station: Unit 3 900,000 Virginia Electric & Power Co. 1977 
Mineral North Anna Power Station: Unit 4 900,000  — Virginia Electric & Power Co. 1978 
e - 900,000 Virginia Electric & Power Company 1980 
° - 900,000 Virginia Electric & Power Company 1981 
WASHINGTON 
Richland 800,000 Atomic Energy Cormmission 1966 
Richland ; 1,120,000 Washington Public Power Supply System 1980 
Richland . 1,103,000 Washington Public Power Supply System 1977 
WISCONSIN 
Genoa Genoa Nuclear Generating Station 53,200 Dairyland Power Cooperative 1969 
Two Creeks Point Beach Nuclear Plant: Unit 1 497,000 Wisconsin Michigan Power Co. 1971 
Two Creeks Point Beach Nuclear Plant: Unit 2 487,000 Wisconsin Michigan Power Co. 1972 
Carlton Kewaunee Nuclear Power Plant: Unit 1 541,000 Wisconsin Michigan Power Co. 1972 
PUERTO RICO 
Puerto De Jobas Aguirre Nuclear Power Plant 583,000 Puerto Rico Water Resources Authority 1975 


* Site not selected. 


. 1,189,000 Tennessee Valley Authority 1977 
e 1,189,000 Tennessee Valley Authority 1978 
* 1,120,000 Tennessee Valigy Authority 1980 
. 1,120,000 Tennessee Valley Authority 1981 
1,120,000 Tennessee Valley Authority 1981 
1,120,000 Tennessee Valley Authority 1982 











Figure 1. Nuclear power reactors in the United States—continued 
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Reported Nuclear Detonations, May 1973 


(Includes seismic signals presumably from foreign nuclear detonations) 


There were no nuclear detonations reported for the United States by the U.S. Atomic 


Energy Commission for May 1973. 





l 


Not all of the nuclear detonations in the United States are announced 
immediately, therefore, the information in this section may not be com- 
plete. A complete list of announced U.S. nuclear detonations may be ob- 
tained upon request from the Division of Public Information, U.S. Atomic 


Energy Commission, Washington, D.C. 20545. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


SUMMARY OF ENVIRONMENTAL MONITORING AT PHILADEL- 
PHIA, 1958-1971. J. E. Lieberman, R. D. Ice, M. Green, and R. McGrat- 
tan, Radiation Data and Reports, Vol. 14, June 1973, pp. 333-350. 


The City of Philadelphia maintains an environmental radiation sur- 
veillance program for evaluating the environment of the Delaware Val- 
ley. The program has evolved from the initial goals of setting operational 
guides for the collection and analyses of data at sites of nuclear ship oper- 
ations, through preoperational radiological data collection associated with 
the construction of the N.S. Savannah, through a nuclear weapons fallout 
evaluation to the present objective of providing environmental surveil- 
lance of nuclear facilities. 

A 13-year compilation of environmental data from the City of Philadel- 
phia is presented. Included are gross alpha and gross beta results of raw 
and finished surface waters, gross beta results of air samples, and 
strontium-90, and iodine-131 quantities in pasteurized milk. 


KEYWORDS: Air, barium-140, Chinese and French bomb tests, gross 
alpha, gross beta, iodine-131, lanthanide, milk, N.S. Savannah, Phila- 
delphia, Pa., radioactivity, strontium-89, strontium-90, water, yttrium. 


JOINT DENTAL RADIATION SURVEY IN PUERTO RICO, 1968. 
ae Gileadi. Radiation Data and Reports, Vol. 14, June 1973. pp. 


The objective, scope, and methods used in the 1968 Joint Dental Survey 
Project, sponsored jointly by the Health Department of Puerto Rico, 
Puerto Rico Nuclear Center and School of Dentistry, University of Puerto 
Rico, are described. Health hazards associated with dental x-ray diag- 
nostic procedures in Puerto Rico 1968 are evaluated, and relevant statis- 
tical and technical data pertinent to the use of x rays in the dental pro- 
fession on the Island are presented. 


KEYWORDS: Dental, x rays, Puerto Rico 
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should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 


Abstracts: Manuscripts should include a 100- to 150- 


word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findings that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of suggested keywords (descriptors) which are 
appropriate indexing terms should be given following 
the abstract. 


Introductory paragraph: The purpose of the investi- 


gation should be stated as early as possible in the 
introductory paragraph. 


Methods: For analytical, statistical, and theoretical 


methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 


Illustrations: Glossy photographic prints or original 
illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 


ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 
cepted units of measurements is preferred. A brief list 
of symbols and units commonly used in Radiation Data 
and Reports is given on the inside front cover of every 
issue and examples of most other matters of preferred 
usage may be found by examining recent issues. Isotope 
mass numbers are placed at the upper left of elements 
in long series of formulas, e.g., *“Cs; however, elements 
are spelled out in te::t and tables, with isotopes of the 
elements having a hyphen between element name and 
mass number; e.g., strontium-90. 





References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last page numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 


Reprints 


Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 
of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 
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